Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



iRYSOtfrcAANac? 

SCLLMSItBOaitBtNDCIIS 
6 . PiCCADIULY. 
LONDON. 




__^ Chemkal Libraqf 



9 



/ • ■ ' ' 



AKTIFICIAL MANURES, 



HOW TO 



MAKE, BUY, VALUE, AND USE. 



GIVINa THE CM>MPOBITION OF THE YABIOUS MANURES AT PSB8BNT 
IN USE, AND THE KATERIALS USED IN THE PBEPABATION 
OF THOSE MANUFAGTUBEDy WITH SE0IPE8 FOB THEIB 
ADMIXTUBE, ETO.| WITH HINTS FOB THEIB EFFEC- 
TIVE AND EOONOHIOAL EMPLOYMENT IN 

THE FIELD. ^— rr?T^ 

^^^^^ 

ALFRED SIBSON, F.C.S., ^^ 



AfOlwr of ^*Agrkvltw<a Chemigtrv" " Evtry-day Chemistry,** **J'ood, Feeding^ and 
Mawure,** " A Lecture o» Superphoephate,** dtc. Late (for eight years) Auistant 
Professor of Chemistry in ^ Royal Agrictdiural College, dreneeater, and First 
Assistant in Dr, Voekker^s Private Laiboratory. Formerly Student of the RoyaJt 
OoUege of Chemistry and the Btrhbeei Laboratory of Univenity CoOege. 



NEW EDITION, GREATLY EXTENDED. 



LONDON: 
WILLIAM EIDGWAT, 169, PICCADILLY. W. 

1878. . 



LONDON t 

O. NURMAN AND SON, PRINTERS, MAIDEN LANE* 

COVENT GARDEN. 



10 



^ CONTENT'S. 



CHAPTER I. 

Making. 
Origiiial Idea of the Process — Vitriolized Bones — Origin 
of Phospliates — ^Making on large scale — Chiding — 
Sketcli of Acid Mann&cture — Specific Gravity of 
Acid — ^Twaddle's Scale — Loss of Nitrate in Acid 
Making — ^Bnle for finding Belation between Twad- 
dle's Scale and Specific Gravity — Mixing process — 
Diverse Arrangement of Works — ^Making on Small 
Scale— 'Becipes for mixing Phosphates, Bones, &c. 
with Acid — ^Experiment for rendering soluble Phos- 
phate visible 1 

CHAPTER II. 

Raw Materials used in Making. 
Phosphatic Materials— Composition of — ^Various Copro- 
lites — Spanish, Portognese, Navassa, German, Cana- 
dian, Bordeaux, Sombrero, Mexillones — South Carolina 
— Curacao — ^Bone Ash and Black — ^Nitrogenous Mate- 
rials — ^Nitrogen from Bones — ^Ammoniacal Salts-— 
Shoddy — Wool Dust — Blood-— Refdse Materials — 
Rape Dust — Damaged Cotton Cake — Results of 
Mixing Process — Extent of Loss — Proportions of 
Phosphates, &c. to be expected 16 

CHAPTER m. 

BUTING. 

Whether to make or buy — ^What to buy — Mineral Super- 
phosphates — ^Bone Manures — ^Precipitated Phosphate 



IV CONTENTS. 

Composition of Bone Manures, &c, — Explanation of 
Anaylsis and Varions Constituents of Manures — Why 
Decimals are nsed — Nitro-Pliospliates — Nightsoil 
Phosphates, &c. — ^Valne of Urine as Manure. . 40 

CHAPTER IV. 
Bone Dust, Guano, Nitrate of Soda, &c. 
Manures which must needs be bought — ^Bone Dust — 
Steamed Bones — Bone Meal — Animal Guanos — 
Peruvian Guano — Dissolved Peruvian Guano — Con- 
centrated Prepared Manures — Various Guanos — 
Nitrate of Soda— Damaged and Adulterated Nitrates 
— Kainit — ^Adulterated Manures. ... 65 



CHAPTER V. 

Valuing. 
Different Values of Constituents when from different 
Sources — Circumstances of Sale should be stated 
with Valuations — Scale of Values per Unit — Eicam- 
ples — Dissolved Bone and Superphosphate — ^Modifica- 
tion to suit best Bone Manures — Means of identifying 
Same — ^Example with Peruvian Guano — ^Later Re- 
marks on Valuation — Old Mode of Valuing — Sam- 
pling 84 

CHAPTER VI. 

Using. 
No Strict Classification of Manures to Crops — Character 
of Soil — Clay Soils — Sandy Soils — ^Manures suitable 
for each — Green Manuring — Composition of Light 
and Heavy Soils — ^Value of Cultivation on Strong 
Soils — Compound or Special Manures — Recipes for 
Same for all Crops — ^Value of Care in Application — ! 

Conclusion . . . 101 j 



INTRODUCTORY REMARKS. 



As the use of artificial manares is still extending^ and 
as chemical analysis is correctly looked upon as the 
chief means of arriving at their yalue^ a plain and 
reliable guide is often called for to enable practical men 
to understand analysis when put before them^ and to 
enable them to obtain the full benefit which a know- 
ledge of the materials at their command is capable of 
conferring. 

To this end the following pages hare been written, 
and which it is hoped will supply in a condensed form 
much of the information likely to be useful in connec- 
tion with the subjects referred to, and in the treatment 
of which I have had in view the questions constantly 
put to me by buyers and sellers of manures, and the 
L n^aterialB used in their preparation. Of L latter, 
only those in actual use or of particular interest, havd 
been spoken of, so as to avoid needless amplification. 
I have also embodied some of the remarks and hints 
which have appeared in my annual reports, which I 



VI INTBODUOnON. 

have reason to know have been valued by a large circle 
of clients^ though never before published. 

I may add that the various recipes given are the 
same for which I have hitherto charged my usual fees^ 
and are not inferior to others for which much larger 
sums have been paid ; but as the present is the age of 
publicity, I now oflFer them free of cost to those 
interested, hoping to receive compensation in the 
same manner. 

This pamphlet, although founded on the one bearing 
nearly the same title which I issued a few years since, 
has been greatly extended, and for the greater part 
re-written. 

11, Eatok Tebraoe, 
St. John's Wood, London. 



AETIFIOIAL MANURES. 



CHAPTER I. 

MAKING MANUEBS. 



Being frequently applied to by intending manufac- 
turers and farmers for directions for making super- 
phosphate and other artificial manures^ the following 
pages contain in a concise form the substance of my 
replies^ with such remarks and extensions as have 
occurred to me as I proceeded. To persons also who 
are already well able to make manures satisfactorily, 
it is hoped they may not be without interest although 
some of the matter will necessarily be to them familiar. 

In thus treating publicly of the preparation of 
superphosphate and other manures, I am betraying no 
trade secrets since the materials of which they are 
composed are now perfectly well known, and may be 
bought in large or small quantities ; and as the pro- 
cess of manufacture is simple, any one may now make 
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the mantires lie requires in preference to buying them 
if so disposed : whether or not it is on the whole 
advisable to do so will be discussed hereafter. 

In making such manures we require chiefly raw 
phosphatic materials^ raw nitrogenous materials^ and 
sulphuric acid or oil of vitriol. The list of the 
former from which to choose is now extensive since 
we have not only the older sources of phosphates, 
such as bones, bone ash, and phosphatic guanos, but 
also all the mineral phosphates of various degrees of 
merit, and which, although generally considered infe- 
rior to bone, as of course they are in the shape of 
insoluble phosphates, are yet in every respect as good 
when dissolved, as sources of soluble phosphate. 

Nitrogenous materials also are numerous and of 
widely differing value, but whereas new deposits of 
phosphates are constantly being discovered, new 
sources of nitrogen, at least of any extent, are very 
limited, and hence these materials are naturally and 
commercially of higher value than the foregoing. The 
same is true of those materials which supply both 
nitrogen and phosphates, such as bones, guano, dried 
fish, &c. All the raw phosphatic materials used for 
dissolving contain phosphate* of lime (tribasic phos- 
phate of lime) in its natural or insoluble state associated 

* This foim of expression is retained thronghont, as ** tricalcic phos- 
phate," ** ammoniom sulphate/' *^ sodium nitrate/' &c. are at present 
unknown in commerce. 



with various impurities^ the principal of which are 
carbonate of .lime^ earthy or silicious matters^ oxide of 
iron^ and sometimes alumina. The yalae of these 
materials depends mainly on the percentage of tribasic 
phosphate of lime they contain. 

The original idea^ due to the late illustrious Liebig^ 
was to render bones more efficacious as manure by 
dissolving in sulphuric acid;^ from this a natural ex- 
tension would lead to bone ash^ and afterwards to the 
mineral phosphates. The improvement thus effected 
in bones was so striking as to lead to the rapid ex- 
tension of the manufacture of these vitriolized bones^ 
as they were at first termed, and which with the 
various other kinds of superphosphates now produced, 
have almost superseded the use of bone dust in its 
natural state, except for special purposes. Bones are 
at present too scarce and dear to allow of being used 
alone for making superphosphate, although still largely 
employed in conjunction with bone ash, &c. for making 
the dissolved bone manures, which, when of good 
quality, are now amongst the best phosphatic manures 
at the command of the agriculturist.' 

The quantity of bones moreover now obtainable in 

commerce would not suffice to make a hundredth part of 

the superphosphates now required, hence the discovery 

of the mineral phosphates must be considered as an 

invaluable acquisition. . These materials are supposed 

to be of animal origin, though of a very remote date ; 

1 * 
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in the case of coprolites (of dung stones) this is evi- 
dent^ but in some other cases^ conjectural only ; the 
probability is that most of the rocky deposits of phos- 
phates are derived from beds of gpano more or less 
altered by the action of water, heat, or pressure. The 
phosphatic guanos are of comparatively recent date, 
and are often unmineralized. These are in most cases 
guano deposits from which the soluble constituents, 
the nitrogenous compounds, &c., have been removed 
by rain, and are, in fact, the natural condition to which 
the richest guanos would soon become converted unless 
deposited in a situation almost free from rain, as in 
the case of the Ghincha Islands (now exhausted) and 
adjacent localities. The great bulk of the excremen- 
titous matter deposited by sea birds is thus washed 
back into the sea by rain before it has time to consoli- 
date into guano. 

In making superphosphates on the large scale it is of 
course the practice to purchase the phosphates in large 
quantities, generally by the shipload, in their natural 
state, and to grind them in mills specially arranged for 
the purpose. The process of grinding these articles 
is an expensive item, as they are mostly very hard and 
require to be ground to a powder almost as fine as 
flour, the same kind of stones being in fact used. 
Much of the art of using the mineral phosphates to 
the best advantage consists in the grinding, and it is 
only of late years this has been properly understood. 



It is also an obvious advantage^ and is the practice at 
many large manure works, to prepare the sulphuric acid 
required for dissolving the phosphates. As regards this 
process, and also the arrangement of the machinery and 
apparatus employed in the process, any detailed de- 
scription would be out of place in a paper of this kind, 
but the following general sketch may perhaps be of 
service. 

In the process of making sulphuric acid or oil of 
vitriol, sulphur or brimstone^ or pyrites, (which con- 
tains this body in combination with iron, &c.) are burnt 
in ovens or " burners '^ with limited access of air, and 
the fumes of sulphurous acid thus produced, after ad- 
mixture with nitrous acid gas (obtained by the action 
of strong sulphuric acid upon nitrate of soda) con- 
ducted into large leaden chambers into which steam is 
also passed. The sulphurous acid (the gas produced 
on striking brimstone matches) is under these circum- 
stances converted into sulphuric acid which condenses 
with the steam at the bottom of the chambers (they are 
usually arranged in pairs) to form liquid sulphuric 
acid, but it requires a further process of concentration 
and distillation to become oil of vitriol. For dis- 
solving phosphates the acid is usually employed 
directly from the chamber, having a specific gravity of 
about 1*55 — 1*60. The strength of sulphuric acid so 
prepared depends on the amount of real sulphuric acid 
present in it as indicated by its specific gravity or its 
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weight compared with water, acid of specific gravity 
1*5 being half as heavy again as water. The strongest 
oil of vitriol has a specific gravity of about 1*84 or 
nearly twice as heavy as water. The acid commonly 
employed for dissolving phosphates when purchased is 
that known as brown acid and has a specific gravity 
of about 1-70 to 1-75. 

For practical purposes the strength of acid is 
generally ascertained by the hydrometer arranged for 
'' Twaddle's '^ scale, although less accurate than when 
obtained by direct weighing. The use of this instru- 
ment depends on the fact that the denser or heavier a 
liquid, the higher a body floats in it, just as a piece of 
iron will float on the fluid metal mercury, the latter 
being heavier than the iron. Hence the higher out of 
the liquid the hydrometer floats, the stronger the acid 
as shown on the graduated stem. 

The most expensive item in the making of sulphuric 
acid is the nitrate of soda which as well known is 
generally worth about £15. to £18. per ton. Theoreti- 
cally the nitrous gas is used over and over again, it 
acting as a go-between to induce the oxygen of the 
air to combine with the sulphurous acid and convert it 
into sulphuric acid. In practice there is found to be a 
loss more or less according to the care bestowed by 
the attendants ; about 5 to 7 per cent, being the average 
loss ; but which may reach any figure under careless 
management. It is for this reason mainly, that it does 



not pay to make acid on the small scale; careful and 
trustworthy men, who must of course be well paid, 
being indispensable unless a wholesale loss from this 
pource is to be experienced. An improved arrange- 
ment for passing the gases through a " Gay Lussac," 
and '^Glover'' towers (named after inventors) is now 
in use at the best works, for reducing this loss to a 
minimum. 

The pjnrites usually contain about 45 per cent, of 
sulphur of which about 40 should be available, that is 
not more than 5 per cent, should be left in the cinder 
or burned residue (less is often obtained). A larger 
quantity than this left in indicates mismanagement and 
is of course a waste. 

The proportion of real sulphuric acid in acids of 
different strengths is found by reference to a table 
(Ure's) found in most chemical books, and which gives 
the percentage of dry acid as well as of oil of vitriol 
(o. V.) Thus we find that brown acid of specific 
gravity 1*75 has about 83-84 per cent, of o.v. and 
about 68^ per cent, of anhydrous acid. Brown acid is 
more commonly found to have di specific gravity of 
1* 70-1 '71 and then has 80 per cent. o.v. and about 65 
of dry acid. Chamber acid has commonly a specific 
gravity of about 1*60 and has 70 per cent. o.v. or 57| 
per cent, of dry acid. From these data it can be 
easily calculated how much of one sort must be used 
to replace a given quantity of some other. 
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A useful rule for finding the relation between 
Twaddle's scale and the specific gravity, is to multiply 
the figures of Twaddle by 5 and place one unit with 
decimal point in front; thus, 1*50 multiplied by 5 
equals 750, to which we add 1* making 1*750. 

Brown acid by Twaddle being 1*50, and chamber 
acid 1*20. If it is wished to find the strength by 
Twaddle from the specific gravity, we of course do the 
^ converse of this, or divide the specific gravity by 6, 
omitting the unit and adding a nought, thus 75 divided 
by 5 gives 15, which with a nought makes 150. 

In making surperphosphates on the large scale the 
mixing of the phosphate and acid is efiected by steam 
power, the operation being carried on in a large vessel or 
^'mixer'V placed sometimes horizontally, sometimes dia- 
gonally at a greater or less angle, and having an axle 
passing through its length, on which a number of 
arms or stirrers are spirally placed, the object in view 
being by the revolution of the axle to efiect a complete 
stirring up or commingling of the materials contained in 
the vessel. In some works we find a continuous pro- 
cess adopted, in which the materials to be mixed enter 
at the top of the mixer, (then placed in an inclined posi- 
tion,) and after passing down its length, are discharged 
at the bottom. In the more general plan we find an 
intermittent process employed, successive batches or 
mixings being placed in the mixer, and after complete 
agitation for 2 or 3 minutes the whole discharged. 



• Again in some works we find the mixer elevated 
some distance from the ground, the product being 
allowed to fall into a large walled enclosure or '^den/' 
In other cases it is placed on the ground level, the 
product being received in pits excavated in the 
ground. From these remarks it will be seen that no 
precise rules are followed — in fact scarcely any two 
works, either vitriol works or manure works, are alike, 
the only general rule, which however does not always 
appear to be had in view, is to make the most of the 
situation and means at command, so as to economise 
time and labour to the fullest extent consistent with 
efficient working. 

For making on the small scale, the phosphates should 
be bought ready ground, and the acid obtained as 
^' brown acid,'^ in carboys holding about 150 lb. each, 
the mixing being efiFected in strong wooden troughs, 
about 9 ft. by 4 ft. by 3 ft., pitched inside, and 
thoroughly stirred by a wooden rake. 

On mixing the phosphate with the acid, a brisk action 
at first ensues, owing to the liberation of carbonic acid 
gas, &c., but after a few minutes' stirring it subsides, 
and the creamy fiuid gradually thickens and dries up, 
until in about twenty-four hours, if properly made, 
it is sufficiently solid to allow of being removed if 
necessary. 

The proportions in which to mix the materials are 
varied somewhat by different makers, but the following 
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proportions are well adapted for making eitHer on the 
large or small scale. 

For a good mineral superphosphate :— 
20 cwt. of Cambridge Coprolite. 
17 ,, Brown acid. 
3 „ Water.* 
This mixture should yield 25 to 28 per cent, of 
soluble phosphate^ and 5 to 8 of insoluble phosphate^ 
the coprolite having about 5 — 8 per cent, of tribasic 
phosphate of lime^ and the acid a specific gravity of 
1*71-1*72. The same proportions may be used for 
other mineral phosphates, or mixture of phosphates, 
using a little less acid for those with less carbonate. 
For a bone superphosphate : — 

6 cwt. Half -inch Bones. 
14 „ Cambridge Coprolite. 
16 „ Brown Acid. 
3 „ Water. 
2 „ Gypsum. 
This mixture should yield 23 to 25 per cent, of 
soluble phosphates, and 7 to 11 of insoluble, the 
greater part bone, and about 1 per cent, ammonia 
(nitrogen equal to). The quaUty.of this mixture may 
be raised by increasing the proportion of bone, and 
lessening somewhat the acid. 10 cwt. of bone and 
10 cwt. mineral give a rich boiie manure, yielding 1^ 

* A gallon of water weighs about ten pounds. 
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to 1| per cent, of ammonia; or bone ash may be 
substituted for tlie mineral pbospbate. In mixing 
bone manures, it is a good plan to mix tlie mineral 
phosphate and acid firsts and add the bone after — ^this 
gives the mineral the full benefit of the acid. A little 
animiEd matt6r^ such as hair or wool^ dried fish or 
blood, adds considerably to the quality of manure of 
this kind. 

For commercial purposes, it is hardly possible to 
make a satisfactory bone manure from bones and acid 
alone (without bone ash), for reasons mentioned under 
"buying''; a recipe for one for home use is given a 
page or two hence. 

For a concentrated bone ash superphosphate :*- 

20 OYrt. Bone ash. 
16 „ Brown Acid. 
2f . „ Water. 

This should give 35 to 40 per cent, soluble phos- 
phates, the ash having 70 to 75 per cent, tribasic 
phosphate of lime, and 3 to 6 of insolubles. 

Other phosphates than those above named, are of 
course equally suitable. A good practical rule as to 
the quantity of acid to be used is to give the phos- 
phate or mixture of phosphate as much acid as it will 
take up to dry properly ; it is bad policy to stint acid, 
since the value of the soluble phosphate is greater than 
the acid required to make it all soluble (as far as 
practicable), and it is impossible to do this without 
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enonglij or more than enougli, theoretically. In fact, 
by sending oat undissolved phosphates in manure 
(except in the case of bone and some few other 
materials), we are wasting our raw phosphates, as 
although they cost as much as that portion which is 
dissolved, they have little or no practical effect in the 
field. 

As a general rule, the water should be added to the 
acid in preference to the phosphate; it should be care- 
fully mixed with a portion of the acid and well 
stirred, and the whole afterwards added, otherwise 
the water will not be equally distributed, and its being 
so is one of the chief points of success. It is less 
trouble to add the water to the phosphate, and after- 
wards the acid, but in this case the action is more 
violent, and the product does not dry so well. A 
common source of inequality in the product when 
making on the larger scale, is the varying strength of 
the acid as dr^wn off from the chambers, in which it 
has been proved to lie in layers of different strengths, 
an effective means of thoroughly mixing and testing 
the acid before use is indispensable for obtaining an 
uniform quality of manure. 

In making superphosphate and similar manures, it 
must be borne in mind that the proportions of mate- 
rials is but one element of success, hence I do not 
guarantee the above results. It is also scarcely pos- 
sible to make at once a superphosphate which shall 
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be entirely satisfactory, but a few well-directed prac- 
tical trials will generally indicate the best mode of 
employing the means at our command, and be more 
effectoal than any elaborate directions, which however 
detailed, can never at once, ensure success. The diffi- 
culty more commonly met with arises from the product 
not drying well, but when made for home use this may 
be avoided by the free use of drying materials. The 
above recipe, however, with common care and judgment, 
will not need any assistance in this way. A little more 
water may be used, if preferred, but the soluble phos- 
phate will be lowered thereby. 

The value of the superphosphate thus obtained de- 
pends chiefly, as well known, on the amount of soluble 
phosphate it contains (apart from any nitro&ren), the 
object in view being to decompose or render Lble as 
much as possible of the phospLe of lime present; or, 
in other words, to leave as little as possible of the 
original phbsphate unchanged b v the acid ; as this latter 
ap^ I the analysis as Loluble phosphate, and has 
of course, much less value. The theory of the process 
is simple, and may be thus described: the natural 
phosphate of Ume as it occurs in all the raw phos- 
phates presently to be named, is composed of three 
equivalents or portions of lime and one of phosphoric 
acid (hence the term fnbasic), and in this state is m- 
soluhle in water, or remains unaltered in that liquid. 
The sulphuric acid added, being a stronger acid than 
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phosphoric acid> takes away two of the three equiva- 
lei^ts of lime to form sulphate of lime^ leaving the 
phosphoric acid combined with the remainiiig one 
equivalent of lime to form '^ biphosphate'' of lime or 
" monophosphate'^ of lime^ which is soluble in water, 
that is to say, dissolves or goes out of sight in water 
just as sugar or salt does. The soluble phosphate sig- 
nifies the amount of the tribasic or natural phosphate 
of lime thus decomposed by acid. In superphosphates 
this natural phosphate of lime is also sometimes called 
''bone earth/' because it is the characteristic consti- 
tuent of the bones of animals. 

Soluble phosphate may be rendered visible, and its 
characteriBtic property dexnonstrated, by a siiple yet 
interesting experLent, which can be m^e as foUows, 
without any chemical apparatus or materials : — ^A Kttle 
superphosphate (say a teaspoonful)^ is mixed with water 
(about a wineglassful) in a tumbler, and stirred with a 
lead pencil. The soluble phosphate dissolves in the 
water, although no change is seen, in consequence of 
the insoluble matter also present, but if we remove 
this latter by straining, we may get a clear solution of 
the soluble phosphate in which its presence may be 
made manifest. The straining in this case can only be 
done by filtering, and to do this we take a piece of blot- 
ting paper (white paper in preference) about six inches 
square, and fold it double, and again double at right 
angles, so that on opening one side we get a cone or kind 
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of cup, into wBicli the above muddy liquid may be poured 
witbout running over the edges ; this may be supported 
in the mouth of a tall ale glass. The liquid that passes 
through the paper should be as clear and bright as 
the water at first used (a solutwii signifying a liquid 
in which a solid is taken up invisibly^ except in the case 
of coloured substances) and if not so must be rendered 
clear by re-filtering (through the same filter). This 
clear liquid contains the soluble phosphate^ which may 
be rendered apparent by adding a little washing soda 
previously and separately dissolved in a little water ; 
the white gelatinous substance so produced is the 
soluble phosphate again rendered insoluble by the 
soda^ andipay be collected in the solid form on another 
filter as above, and on which we may have some fur- 
ther remarks to offer presently. From the above ex- 
periment we may also form an idea of the principle on 
which superphosphates are analysed; by taking a 
weighed quantity to begin with, and weighing the 
soluble phosphate obtained, by suitable apparatus, the 
chemist is enabled to arrive at the percentage of the 
bone earth made soluble. 



CHAPTER 11. 

PHOSPHATIC MATERIALS. 

The following tabular statements represent the com- 
position of the principal phosphatic materials at pre- 
sent used for dissolving purposes in the preparation of 
superphosphates^ &c.^ and are stated in the manner I 
adopt in my ordinary certificates^ and which is similar 
to that employed by most other analysts. The exam- 
ples chosen are taken as fair examples of the materials 
mentioned from a very large number I have analyzed ; 
a much larger number might of course be quoted were 
it desired to amplify the subject. 

Composition op vaeious Copbolitbs. 





Cambridge. 
Good. 


Ditto. 
Low. 


Bedford. 


Boulogne. 


Wicken. 


Moisture 


. 1-24 


•70 


2-06 


1*90 


1*20 


♦Phosphoric acid . 


. 26-80 


24-90 


23-52 


20*80 


20-80 


liime 


. 43-26 


42-16 


33-46 


31*94 


3218 


Carbonic add 


. 7-10 


504. 


• •• 


3*80 


3*82 


Equal to carbonate of 










lime . 


16-13 ... 11-45 


... 8*65 


8-68 


Other constituents (not 










determined) 


. 12-70 


16-07 ^ 


16*54 


16*02 


19*60 


Insoluble silicions matters 8*90 


12-13 


24*42 


26*53 


22*60 



100*00 100*00 100*00 100*00 100*00 
"i^Equsil to tribasic phos- 
phate of lime . . 58*60 54-36 51*34 45*41 45*41 
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GouFosiTioN of: 







Suffolk 


Amba. 


AltaVela. 


BodondA. 






Coprolites. 








Mouttnre . . 


• 


103 


11-53 


16-50 


2113 


^Phosphoric acid 


• 


26-50 


29-50 


27-20 


30-24 


Lime 


• 


37-24 


42-06 


8-93 


316 


Carbonic acid . 


• 


3-60 


5*35 






Bqnal to carbonate 


of 


■ 




* 




lime . 


• 


8*18 ... 12-16 






Other constitaents 


• 


20-60 


10.93 


26-23 


24-84 


Insolnble siHcioos matten 


I . 


12-13 


-63 


21*14 


20*63 



100-00 100-00 100-00 100-00 
*EqnaI to tribadc phosphate 
of lime .... 56*67 64*40 59*38 66*01 

This sample of Alta Vela contained oxide of iron 7-20, and alnmina 
14*16. The Bodonda contained 3*64 of oxide of iron and 15*72 of 
alnmina. 



Composition op: 

Spanish. Portngnese. Nayassa. Canadian. Gennan. 
High. Loir. 

Moistnre . . . Traces 1-30 2-63 Traces 1-30 

^Phosphoric acid . ' . 33*60 24*90 33-10 35*30 28*02 

Lime .... 42*02 36-16 38*27 47-22 37*11 

Carbonic add . \ ... 3*12] ... 1*36 2*76 

Equal to carbonate of/ / 

lime . . .> ... 7-10 ... > ... 3-10 ... 6*30 ... 
Other constituents (not I I 

determined) . J 811 13*3oj 22*74 10*62 12*68 

Insolable matter . . 16*27 21*22 3*26 5*50 18*13 



100*00 100*00 10000 100*00 100*00 
*Eqnal to tribasic phos- 
phate of lime • . 73-35 54*35 72*26 77*06 6117 

2 
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BoTTXH Cabouna Phobfhatbs. 







1. 


S. 


8. 


3. Land Bock. 


Ifbistnre 


• 


•64 


2-02 


1-04 


9-20 6*04 


♦Phosphoric acid . 


• 


?7-30 


26*80 


26-70 


23*90 25-81 


Lime . 


• 


39*12 


39-20 


37-38 


36*14 37-34 


Carbonic add 





•«• 


3-34) 


••• 


2-94 3*01 


Equal to carbonate , of / 








« 


lime 


V 

• 


^ ... 


r-60 ... > 


... ( 


5*70 ... 6*80 ... 


Other constltaents 


(not 




r 






determined) 


• . 


2114 


14-70 J 


16-76 


9-72 14*48 


Insolnble matter . 


• 
■ 


11-80 


15-94 


19*12 


19*10 14*33 



100-00 10000 100-00 100*00 100*00 
*Eqnal to tribasic phos- 
phate of lime . . 69*60 58-69 66-10 52-17 66*32 



OURA9A0 Phosphatb and Guano. 

No. 1. , No. 2. Gcumo. 

Moisture *43 -40 10-10 

♦Phosphoric acid . . . 39*50 40*60 33*70 

Lime 49*76 50*97 46*63 

C!arbonic add .... 3*30 1*60 1*93 

Eqnal to carbonate of lime 7-50 ... 3-63 ... 4*41 

Other constituents , . . 6*69 6*29 7*96 

Insolnble matter ... *32 -24 '67 



100-00 10000 100-00 

♦Equal to tribasic phosphate of 
lime 86*23 88*41 73*60 
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Fbench Phosphates^ etc. 



Moisture .... 
^Phosphoric add • 
liime .... 
Carbonic add . 
Equal to carbonate of 
lime • • • • 
Other oonstitaents 
Insolnble matter 



*£qi]al to tribasic phosphate 
of lime .... 



1. 

2-01 


9. 
Low. 
6-80 


Mezffloaes Sombrero. 
Guano. 

9-67 6*50 


34*88 


25*40 


32*38 


31*60 


45-S3 


3316 


42*15 


44-67 


2-77 


3*65 


1*41 ^ 


... 


... 


8*30 ... 


3*20 ... f 


*.. 


11-45 


12*86 


1114 J 


15*99 


3-56 

1 


1913 


3*40 


1-24 


100-00 


100*00 


100-00 


100*00 


76-11 


55-45 


70*70 


68*98 



Bone Ash and Bone Black. 



1. 2. 


s. 




Blade 






1. 


2. 


Moisture . . . 2*54 6-10 


8*03 


... 


• •• 


^Phosphoric add . . 30*20 33*28 


30-50 


30*78 


36-80 


Lime .... 40*31 4113 


44-67 


.*• 


... 


Carbonic add . . 2*68 2*24 


2-68 


... 


... 


Equal to carbonate of 








lime . . . 6*10 ... 6*10 ... 4-60 ... 


... 


... 


Other constituents (not 








determined) . . 11*67 6'76 


4*60 


... 


• . 


Insoluble matter . . 12*60 10*50 


5*52 


... 


••* 



100*00 100-00 100*00 
Equal to tribasic phos- 
I^teoflime . . 65*93 72*10 76*90 



67*20 80*34 
2* 
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Animal Ghabcoal (so oallbd). 

CSarboQ and traces of moistnre 62*60 

Oxide of iron and traces of phosphates . . . 8*22 

Carbonate and sulphate of lime .... 9*11 

Insoluble silicioos matter 30*17 



}00-00 



The above may be termed an imitation bone blacky 
several samples of which have been sabmitted to me. 
Although this material (which I believe is prepared 
from shale) possesses some decolorizing power^ it is 
for dissolving purposes quite valueless^ and buyers of 
animal charcoal should therefore be on their guard 
against it. 

Cambbidge Gopbolite — ^is the best known^ and until 
lately perhaps the most extensively used phosphate, and 
which on account of the light and porous superphosphate 
it yields, is deservedly a great favourite. It occurs in 
small bluish grey nodules, the better samples being 
those iA which the nodules are largest. Of late years, 
either from the upper and superior deposits being 
exhausted, or, as asserted by some persons, through a 
want of care in the washing, they do not yield so high 
a percentage of phosphate of lime as formerly. As 
in most phosphates also the lower percentage is not 
proportionately so good as the higher, being generally 
accompanied by a higher percentage of oxide of iron 
which deteriorates the product : Gambridge coprohte 
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however contains less of this objectionable constituent 
than most other coprolites. 

Bdckinghamshibe Cofroute — ^is a variety somewhat 
similar to the above^ but often contains much larger 
nodules^ and these yield 64 and 66 per cent, of phos- 
phate of lime : there appears to be only limited sup- 
plies of them. 

Suffolk and Bedhobd Copbolites — ^are of a reddish 
brown colour^ and contain more oxide of iron than the 
foregoing, yet when of good quality, and yielding 
about 56 per cent, of phosphate of lime, are useful 
materials, tnore especially for use in conjunction with 
other phosphates. The same may be said of the 
'^red'^ and "black'' Wicken coprohtes, which con- 
tain from 40 to 50 per cent, phosphate of lime. 

Fbench or BoBDEAUX Phosphate — ^has been very 
largely used in the phosphate manufacture, as one of 
the best and cheapest materials, but at present appears 
to be getting scarce. There are several qualities, 
ranging from 50 to about 76 per cent., the latter 
allowing of high qualities of superphosphates being 
made from it. The lower qualities contain much clay 
and oxide of ii'on, and are of much less value per unit 
than the higher. 

South Oabomna Phosphate — ^is now very largely 
employed, and more liked as it becomes better known. 
It contains but little carbonate of lime and oxide of 
iron, and allows of a high proportion of soluble phos- 
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phate being obtained from it with a comparatively 
small expenditure of acid. The '^Biver rock'' is that 
principally used^ and is of a dark grey colour of varions 
shades and quahties^ as shown in the above table. It 
possesses one great advantage over most other phos- 
phatic materials^ viz.^ that the lower qualities are as 
valuable per unit as the higher^ since the infimority is 
only due to a little additional sandy matter, which 
leads to no waste of add nor prevents the phosphate 
present being properly decomposed. 

The '' Laud Rock'' is of a lighter and browner colour, 
and is also a nice material, but the supplies of it 
appear to be much more limited. 

GxjBACAO Phosphate*— is a very high-class phosphate 
lately introduced, the merits of which will be seen at a 
glance from the analyses quoted, which are of cargoes 
recently sold. It is specially adapted for making high 
quahties of superphosphates, for which it commands a 
high price : also for other purposes, being the purest 
form of phosphate of lime in commerce, excepting 
perhaps the best picked bone ash. 

OuBACAO GuAxo — ^has been largely used, especially 
on the Continent, being suitable for use either in an 
unprepared state as a superior phosphatic guano, or 
for dissolving purposes, and possesses great merits as 
a source of pure phosphate of lime. It consists of 
phosphate of lime in an unmineralized state and in a 
fine state pf division, with but little carbonate of 
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lime^ and almost entirely free from oxide of iron^ 
alumina^ and siKcioos matters: it ranges in quality 
from about 65 to 75 per cent, of tribasic phosphate of 
lime. 

Mexillones Guano — ^is another high-class phosphatic 
guano^ haying about 70 per cent, phosphate of lime in 
an unmineralized form^ with little carbonate^ oxide of 
iron^ or sand. It has a fine reddish brown colour^ due 
to organic matter^ and not ferruginous compounds^ as 
might be supposed. 

PoBTuauESE AKD SPANISH PHOSPHATES — are usod to 
a considerable extent^ and would be much greater^ but 
the supplies appear to be limited: it is much liked 
, for special purposes^ and ranges from about 57 to 71 per 
cent. ; it contains but little oxide of iron^ but a good 
deal of silicious matters. 

Navassa Phosphate — ^is also a useful phosphate for 
special purposes^ and has lately yielded several samples 
giving over 70 per cent. 

SoMBEEBo Phosphate^ German Phosphate^ Canadian 
Phosphate^ &c.^ are also employed for dissolving pur- 
poses^ but require no special comment. 

Bone Ash^ as well-known^ is imported from South 
America, and is always a &vourite phosphatic material 
being eLier of conversion into superphosphate than 
most other materials^ and when of high quality^ yields 
proportionately high superphosphates. It occurs of all 
qualities^ the average being about 70 : dry and clean 
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samples being higher^ and damp and dirty ones of 
course lower. 

Bone Black or Animal Charcoal is also a favourite 
material^ though obtainable only in comparatively 
small quantity. The primary use of this material is^ 
as well-known^ for the decolorizing of raw sugar^ when 
newly made the sittings only are used for dissolving 
purposes, and afterwards the whole material when it 
admits of no further renewal. 

Another kind of phosphate of a different nature to 
the foregoing has from time to time appeared in the 
market, viz., the Phosphates of Alumina, of various 
qualities, of which the Bodonda phosphate and 
Alta Yela are best known. These materials consist in 
reality of phosphate of alumina and iron, with little 
lime, and have not up to the present received a wide 
application in the manure trade. Although of course 
inferior to phosphate of lime, and likely to remain in 
the background whilo the latter is plentiftil, the doc- 
trine promulgated by some chemists that phosphoric 
acid in this shape is useless for agricultural purposes is 
a mistake, for the reason that in all naturally fertile 
soils the phosphoric acid exists in the shape of phos- 
phate of iron and alumina, and also that these bases 
have the power of decomposing any soluble or gela- 
tinous phosphate of lime which may be added to 
ordinary soils as manure. I may also add that I have 
met with some very marketable samples of manures 
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made from these phospliates^ and wliich were also 
reported well of in the fields and by those who were 
ignorant of their composition. 

It will be seen that all these materials have been 
analysed by determining the phosphoric acid, from 
whicl axe tLsic phosphate of Le is calculated, this 
being now recognized as the only correct means of 
arriving at their value. The oxide of iron and alumina 
can be estimated in these materials when desired, but 
it is not possible to determine with certainty, as some- 
times professed, how much of them is present as 
phosphates. 

The composition of bones is stated in a different 
manner, and is given further on. 



MATERIALS FOR SUPPLYING NITROGEN IN 

MANURE. 

Besides bones, various other nitrogenous and ammo- 
niacal materials are mixed with phosphates to prepare 
Nitro-Phosphates and other manures of a similar nature, 
which supply ammonia in addition to the soluble and 
insoluble phosphates already spoken 6f. Again, 
special manures are prepared from these, or super- 
phosphates simply, in conjunction with sulphate of 
ammonia, ^guano, nitrates, potash salts, &c. (see page 
116). These materials are either mixed in with the 
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acid and phosphates during the dissolving process^ or^ in 
the latter case, more commonly by the dry process 
after the saperphosphate has been made and brought 
to a dry condition. This intermixture is effected on the 
large scale by an ingenious machine called a " Disin* 
tegrator/' which has also the effect of breaking down 
all lumps, &c. Almost all manures require to be thus 
prepared, by this or similar treatment, before being 
put up in bags for sale, much of the art of the manu- 
&cturer consisting in getting his manures in a good 
condition, and also that they shall remain so until 
employed in the field. 

BoKB Dust as source of Nitboobn. — As well 
known, one of the best forms of nitrogen for manures 
is that furnished by the organic matter of bones, 
after having undergone a partial decomposition by 
acid, as in the recipe already given, and it is to this 
fact, added to the superiority of the phosphate asso- 
ciated with it, that the preference given by practical 
men to bone manures when of good quality is to be 
attributed. In the plan sometimes adopted of mixing 
the bone dust with the superphosphate after it is 
made, the nitrogenous matter is much less effective, 
from the slowness with which it comes into action, 
and still more so in the case of bone dust employed 
alone; the use of which indeed, except in peculiar 
cases, being now considered as almost a waste of bone 
material. 
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Assaming bones to contain 4^ per cent, of ammonia 
(nitrogen equal to), it will require about 8 cwt, in a mix- 
ing of 40 cwt. to furnish '90 per cent, of ammonia in tlie 
manure. With the concentration in weight on mixing, 
before mentioned, and the small quantity of nitrogen 
^ways present from other sources, the actual quantity 
of ammonia in such a mixture, supposing no other 
source of nitrogen is to be used, will be rather more 
than 1 per cent. From this example, the amount of 
nitrogen to be expected from more or less bone will be 
easily judged of. With reference to the idea sometimes 
expressed, that bone manures should be made from 
nothing but bone dust and acid, it may be said that it 
is not possible to produce such a manure at the price, 
with the amount of soluble phosphate, and in the con- 
ation, now demanded by buyers. Persons "^ho have 
attempted to make such a manure will at least have 
learnt the truth of this, so far as regards manures to 
be, offered for sale in the general market. 

Ahkokiacal Salts — ^afford the most concentrated 
sources of ammonia for supplying this element in 
manures. The sulphate being chiefly employed for 
this purpose, and is one of the best sources that can be 
used for concentrated maniores, in which a higher pro- 
portion of ammonia is needed than can be obtained 
from bones or other materials. 

Sulphate of Ammonia — is now an important article 
of commerce, most of the '^ gas liquor'' produced in gas 
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works being now utilized in its preparation. Wten 
pure it is white or colourless, and in small crystals 
resembling sulphate of magnesia or Epsom salts, this 
material being in fact sometimes used to adulterate it. 
Sulphate of ammonia occurs of all qualities and coloursj 
the slightly coloured being often the cheapest, since 
they may contain as much ammonia as the white, 
though not quite so marketable. Inferior samples 
sometimes contain sulpho-cyanide, which has an in- 
jurious effect on vegetation. 

When ordinarily pure, sulphate of ammonia contains 
as near as possible 25 per cent, or one-fourth its weight 
of ammonia. The lower qualities contain moisture, &ee 
acid, tarry matters, and mineral impurities, chiefly 
sulphate of iron and sulphate of lime. Since the best 
sulphate contains 25 per cent, of anmionia, it is clear 
that 5 cwt. of it, mixed with 15 cwt. of other mate- 
rials, will yield 6 J per cent, of ammonia in the mixture, 
and so little as 1 cwt. in 20 will give IJ per cent, in 
the mixture. From these examples any other propor- 
tion can be easily calculated. Sulphate of ammonia 
sometimes contains 26 and upwards per cent, of 
ammonia, due to the presence of chloride of ammonium, 
and which is unobjectionable. 

Chloride or Muriate of Ammonia — ^is sometimes met 
with, and contains as much as 36 per cent, when pure. 
Another salt, the Sulphocyanide, has as much as 41 
per cent, of ammonia, but is unfortunately detrimental 
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to vegetation and cannot be used with safety in 
manures. It is sometimes used to '' bring up^' inferior 
samples of sulphate^ and buyers should be on their 
guard against it. 

Patent Ammonia^ or Bla.ce Ammoku — ^as sometimes 
called^ is a useful source of ammonia^ though some- 
timoQ too impure to allow of being safely used in 
manures. It is the product of the process by which 
the ammonia is absorbed from gas by passing it 
through chambers filled with sawdust moistened with 
sulphuric acid. It often contains 15 or 16 per cent, of 
ammonia^ but more commonly about 10. At the latter 
strength 2 cwt. in a ton will give 1 per cent, of am- 
monia in the mixture. 

NiTitATB OF Soda — may here be named as a source of 
nitrogen^ although it will be again referred to as a 
general manure further on. As a source of nitrogen it 
is much Weaker than sulphate of ammonia^ as it 
contains about 19 per cent, ammonia (nitrogen equal 
to) in Heu of 25. Supposing the sample to be ordinarily 
pure^ or containing 95 per cent, of real nitrate^ 141 
lbs. are therefore required to give as much nitrogen as 
112 lbs. of sulphate of ammonia. It is not generally 
known that the nitrogen in nitrates cannot be obtained 
in the ordinary determination ammonia^ but requires a 
separate operation for its estimation. 

Shoddy or Wool BEFUSE-^is a useful and abundant 
source of nitrogen^ containing about 7 to 9 per cent, of 
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ammojoia (nitrogen equal to)^ and when mixed in witli 
tlie acid and phosphates in the ordinary dissolving pro- 
cess^ undergoes a partial decomposition highly &YOur-- 
able to its assimilation by the plant. This material is 
the final destination of all woollen fabrics after the fibre 
has become too short or otherwise unsuitable for 
respinning. Owing to the bulky nature of shoddy, 
only a comparatively small quantity can be used for 
mixing in the ordinary manner ; 5 cwt. in a mixing 
of 40 cwt. of total materials give about 1 per cent, in 
the product. Larger per centages of ammonia than 
this can be obtained from shoddy, but require special 
management. 

WooLDUST or Flockdust — ^is a superior kind of 
shoddy, being in the state of fine dusty powder, and 
yielding as much as 10 to 12 per cent, of ammonia. 

Other materials of similar origm are in use, contain- 
ing 5 to 6 per cent, of ammonia, and with the above 
are amongst the cheapest sources of nitrogen. 

Blood collected from slaughter-houses is a valuable 
source of nitrogen, and much used for the preparation 
of blood manures;'^ it contains in its natural state 
about 3-4 per cent. 

Dried Blood — is also employed for the same purpose, 
though less effective proportionately to the nitrogen 
present, and is due to a too high temperature being 
frequently used in its preparation, by which it acquires 
a leathery character; it contains about 15 per cent, of 
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ammonia when of best quality. A partially dried 
blood containing from 6 to 7 per cent of ammonia is a 
capital material, and is now much used. 

Befuss MatebialSj^ except those rich in nitrogen, 
such as flesh and offal, hora, &c. are of but limited 
application as sources of nitrogen, since they impart 
too much extraneous matter to allow of the nitrogen 
reaching any considerable proportion in the mixture ; 
thus a refuse material, containing say 2 per cent, of 
ammonia, if used at the rate named for shoddy, will 
yield to the manure only *25 per cent. Again, such 
materials often contain oxide of iron, carbonate of 
lime, and other substances calculated to reduce the 
soluble phosphate, and so lessen the value of any 
manurial niixture, so that on the whole such materials 
are undesirable to use. 

AzoTS Guano, — ^so called, has been brought from 
America, and consists of dried flesh in a fine state of 
division, and yields as much as 13 per cent, of ammo- 
nia, and is an excellent source of nitrogen when it can 
be obtained. Similar materials have appeared from 
time to time from other sources, and meet with a ready 
market. 

Bbied Fish — ^is now used to a considerable extent, 
and supplies some valuable manure materials, furnish- 
ing about 8 per cent, of ammonia, with about 20 to 30 of 
bone phosphate of lime. This material is very manage- 
able and cleanly, and might be used directly as manure.. 
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Baps Dust or rape cake, unfit for feedings is a valu- 
able constitaent for manures^ as it affords a readily 
decomposable organic matter^ containing 5 to 6 per 
cent, of ammonia. Otlier damaged cakes are often 
obtainable at a moderate cost^ and are suitable for use 
alone or in admixture with superphosphate^ &c. as 
adverted to farther on. 

NiTBoaENOUs Materials. 



Nitrogen, per cent 


Shoddy 
Nal. 

. 7-90 


Shoddy Wool 
No. 2. Dust 

6-20 9*70 


Goneen- Dried Add 
tratod Blood. Clotted 
Shoddy. Blood. 

12*40 12*40 6*16 


Equal to ammonia 


. 9-69 


7-60 11'98 


16*06 1506 6*26 




Organic 

[Manure. 

No. I. 


Orfranic Rape 
Manure. Cake. 
No. 2. 


Patent Sugar Damaged 
Ammonia. Scum. Cotton 

Cake. 


Nitrogen, per cent. 


. 3-3 


3*80 4*93 


13*40 2*80 5*70 


Equal to ammonia 


. 4-01 


4*61 5*98 


16*27 3.40 6-92 


Nitrogen per cent 


Scatcta, Glue Fur 

Beftue. Waste. 
. 2*63 8*60 


Snd Leather Crude 
Cake. Cuttings. Ammonia. 
3-55 8*10 7-70 


Equal to ammonia 


• • 


3-20 10-32 


4*30 9-83 9*35 



Sulphate op Ammonu. 



Moistnre 

* Sulphate of ammonia, with traces 
organic matter and other salts 
ammonia .... 

Mineral matter . . • 



* Containing nitrogen 
Equal to ammonia • 




1. 


2. 


8. 


1*24 


•93 


314 


98*03 


98*67 


89*72 


•73 


•50 


714 


100*00 


100^00 


10000 


2002 


20*67 


1616 


24*30 


25*10 


18-36 
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Besults of Mixing Pbocess. 

Were it not for the remarks sometimes expressed 
by persons imperfectly acquainted with the subject, it 
need hardly be said that good manures cannot be made 
without good materials, and in proportionate quantity; 
although economy may be practised within certain 
limits, it is simply impossible to get a high percentage 
of soluble phosphates without using a good raw phos- 
phate to begin with, and the requisite large quantity 
of acid. 

As regards the weight of superphosphate or other 
manure produced from a given quantity of materials, 
this will obviously be equal to the weight of those 
materials less that portion of them volatilized in the 
mixing process. The extent of this loss varies of 
course with the materials employed and mode of mix- 
ing adopted, but from experiments I made with the 
view of determining this point, I should consider this 
loss to average about 7-^ per cent, on the total weight 
of materials used, up to the time of the superphos- 
phates reaching a moderately dry and manageable con- 
dition. If, as an illustration, one hundred tons of 
coprolites are dissolved by an equal weight of chamber 
acid, we should therefore get, supposing nothing else 
to be added, -about one hundred and eighty-five tons 
of superphosphate. 

3 
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In preparing superphosphates from Cambridge co- 
prolites^ bone ash^ or other materials containing little 
oxide of iron or alumina^ the proportion of total phos- 
phates in the manure can thus be calculated by the 
rule of simple proportion from the quantities of mate- 
rials employed, the composition of the latter being of 
course knowri. To extend the above examples — if the 
coprolites had 58 per cent, of phosphate of lime 
(although this is rather above the present average), we 
should get 29 per cent, supposing no loss to have 
occurred in mixing, but taking the loss at the above 
estimate, we should have the whole of the 58 tons in 
the 185 tons of superphosphate, or about 81 J per cent. 
In the case of other phosphatic materials, however, a 
higher percentage of total phosphates is found than 
could possibly be furnished from the tribasic phos- 
phates in the materials employed, and which may be 
explained as follows — Such phosphates contain oxide of 
iron, or less commonly, alumina, which in the ordinary 
process of analysis is weighed with the undissolved 
phosphate of Kme as a mixture of insoluble phosphates. 
The separation of these items could of course be 
fiirther eflFected, if desired, but is not usually done by 
chemists, for the reason that it is too lengthy a process 
to be employed in every case. Moreover, the omission 
is of little or no consequence, inasmuch as the 
insoluble phosphates, except when in the form of bone, 
are often left altogether out of consideration in valuing 



35 

a mannre (althougH erroneously as I consider)^ and 
also because in a well made manure the insoluble 
phosphates are too .small in quantity (except when 
from bone) and value to warrant the process of separa- 
tion above referred to^ and which might also ' lead to 
confusion. 

As regards the relation between the total phosphates 
in the manure (the phosphate made soluble^ and the 
insoluble together) and the acid used. It is evident 
that the less acid used^ the more total phosphates will 
be present, but the less of them will be soluble. The 
converse is also evident : viz., that the more acid used, 
the less total phosphates, but the more of them will 
be soluble, but not necessarily the higher percentage 
in the manure. Thus, supposing we were to use 200 
parts of bone ash of 70 per cent, phosphate, and 100 
parts of acid we should have in the product 140 parts 
of phosphate in 300 of material (leaving out for sim- 
plicity the loss referred to above), or about 46J 
per cent., which is obviously too little acid. If, on the 
other hand, 100 parts of ash were dissolved with 200 
parts of acid, we have only 70 parts of phosphate in 
the 300 of material, or only about 23i per cent., which 
is as much too little (the right quantity lying evidently 
between the two). Although this is of course an 
extreme case, it is mentioned to prove the fact that 
beyond a certain point more acid will lessen the per- 
centage of soluble phosphate instead of increasing it— 

3* 
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simply because it brings down the total phosphates 
too low^ notwithstpinding the whole of this (as far as 
, practicable) may be made soluble. 

Again, the addition of any extra quantity of water 
in mixing of conrs^e lowers the percentage of every- 
thing in the manure : many makers take no account 
of the weight of water used (the better plan is to use 
a weaker acid and no water) ; and^ when left to the men 
engaged in the operation^ is the commonest source of 
variation in the product — especially as a little extra 
water gets the work on quicker. If a bone manure, 
when freshly made^ is found to contain — say 25 per 
cent, of soluble, but does not dry up well, and it is 
thought advisable to add a little drying material, the 
mass will not have 25 per cent, after the addition of 
such material^ since the same quantity of phosphate is 
spread over the increased quantity of material. Al- 
though this may appear self-evident to some, it would 
seem to be incomprehensible to others, to jud^e by 
the correspondence I sometuaes receive. 

As regards the soluble phosphate produced from 
a given weight of acid — the theoretical quantity 
is 80 parts of real acid (SO3) for 155 parts of tribasic 
phosphate; or for 100 parts of bone ash, as above, 
55i parts of ordinary brown acid. 

Bone ash, however, also contains, as well known, 
variable quantities of CEu:bonate of lime as well as 
phosphate^ — ^while other phosphatic materials often 
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contain much more carbonate^ and also oxide of iron^ 
alumina^ &c.; but^ taking all these into account^ it, is 
fonnd^ as well known^ in practice^ that more than the 
theoretical quantity of acid is always needed^ and 
which may I think be due to the following causes : — 

(A.) To the necessarily imperfect state of division 
of the phosphatic materials operated on^ even when 
gromid as fine as practicaUy possible, and by which a 
portion of the phosphate of lime escapes actual con- 
tact with the acid, oven under the best mechanical 
arrangements. This is shown by the fact that the 
finer the state of division the more complete the de- 
composition, — ^it being almost instantaneous in the 
case of chemically divided phosphate. A too rapid 
decomposition is not, however, the most desirable in 
practice : hence the necessary excess of acid is borne 
with for practical considerations presently to be 
touched on. 

(B.) To acid consumed in decomposing phosphates 
which are not rendered actually soluble, and on 
which the question of precipitated phosphates I think 
throws some light. This is especially noticeable in 
well-made bone manures in which the greater part and 
sometimes the whole of the bone has evidently under- 
gone decomposition, as proved by its mellow and pul- 
verulent condition, although only a portion of it is 
obtained as actual soluble phosphate on analysis. 

The same rules of proportion of course apply to 
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any other materials which may be added in making 
superphosphate^ or mixed together in the preparation 
of special manures^ and are often of much practical 
value^ although not so much regarded as they 
should be. 

Becipe fob Hohe-hadb Bone Manube. 

If any farmer should wish to try his hand at dis- 
solving bones^ the following recipe may be followed — 
the product being of course only intended for use on 
the spot : — 

For a ton of bones, which should be ground small 
and boiled to extract as much as possible of the fat, 
the following quantities of acid and water may be used, 
viz., 740 lbs. white oil of vitriol, or 830 lbs. brown 
a<5idj this is about equivalent to 41 gallons of the 
former and 50 gallons of the latter. 

1000 lbs., or about 100 gallons of water, are divided 
equally, one part being used to moisten the bones and 
the other to dilute the acid. The latter operation 
should be carefully performed in a lar^e bucket or tub 
-pouring the acid I a sxnaU stream L the waters 
the latter being well stirred meanwhile. The bones 
should be thoroughly moistened with water from a 
garden watering-can, and left for two or three hours, 
or longer, to get well soaked. The mixing should be 
made in a wooden trough or large tub; if a suffi- 
ciently large vessel cannot be had to receive all the 
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materials at once^ it may be done in a smaller one^ 
using successive and proportionate quantities of bones 
and acid; or the mixture may be made^ but not so 
well, on the ground (with a hard clay surface if pos- 
sible), a ring being made with ashes (black or red, 
about equal in weight to the water used) to prevent 
the liquid flowing away. The acid should be gradually 
added to the bones, the whole being well stirred with 
a wooden rake to ensure uniform admixture. As soon 
as the acid is all added and the mixing completed, the 
greater part of the ashes may be thrown over the 
mass, and the whole allowed to stand for some days. 
The heap may then be opened, and the whole of the 
ashes well incorporated with it ; the mass being then 
allowed to stand again for a week or so, and if not then 
sufficiently dry may be broken up again and re-made 
into a heap, with thin layers of fresh dry ashes. By 
this means a manure may be &rot perfectly dry and 
xnanageable-the large Edition of ashes beJg, of 
course, no great objection when, as we are supposing, 
it is to be consumed on the farm where made. 

A manure made in this way, with the first quantity 
of ashes mentioned, was found to contain 12*27 per 
cent, of soluble phosphate, and nitrogen equal to 2*07 
of ammonia. 



CHAPTER III. 

BUYING MANURES. 

The next point for our consideration is whether to 
make or buy the superphosphates or other mixed ma- 
nures we require, this being of course, when the quantity 
is large, a matter worthy of consideration, especially in 
the case of those who, although not regular dealers, 
are in the habit of supplying a few neighbours as well 
as themselves. 

In favour of making it has been said — 1st, that you 
save the maker's and agent's profit. 2nd, that you 
get the labour for little or nothing, by having it done 
at times when the men would be otherwise unpro- 
fitably occupied. 3rd, that you know what is put into 
your manures, and so ensure freedom from adulteration. 
On the other hand, it may be said that it is impossible 
to make to the same advantage on the small scale, with 
extemporized apparatus as in properly arranged works, 
and that the profits of the manufacturer and his agents 
are derived from sources not at the command of the 
consumer or small dealer — such as the purchase of 
materials in large quantities by means of capital spe- 
cially devoted to the purpose (without which he cannot 
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succeed), the manufacture of acid, and the. application 
of steam-power to aknost every operation that would 
have to be done on the small scale by hand. Another 
drawback to making is the high rate charged by the 
railway companies for the carriage of acid, which they 
consider a dangerous article ; this is perhaps the most 
serious bar to making manures, except in localities 
where it can be otherwise obtained. 

As regards genuineness, we must not forget that 
the raw phosphates are as likely to be adulterated, or 
supplied of low quality, as manufactured manures — ^in 
fact a common source of inferiority in the latter is the 
still too common practice of manufacturers accepting 
unquestioned the quality of the raw materials they are 
supplied with. Analysis by competent chemists is the 
only guide in the purchase of all such articles, and to 
omit this precaution, to save the cost of analysis, is 
very false economy. 

The strongest argument however against the making 
of manures is the fact within my knowledge, of more 
than one large farmer, who at first impressed with the 
advantages of making for himself, set to work in 
earnest to do so, and succeeded to his entire satisfac- 
tion — ^in fact has made manures fully equal in every 
respect to the best in the market (which is more than 
every amateur can say), and has yet since given up the 
practice, through finding he can buy cheaper. 

Every one will however be able to judge for himself 
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on this pointy by calcnlatmg the cost of materials from 
the advertized price-lists for the qnantities given in 
the foregoing recipes^ with the cost of carriage for 
acid, &c., to his own place. 

MiNESAL SUFEBFHOSPHATBS. 

What kind of superphosphate to buy will of course 
depend on the use to which we intend to put it. When 
used in conjunction with farmyard dung a mineral 
superphosphate is often sufficient — ^in fact without 
dung, but used freely, this kind of manure suffices on 
many soils to yield good root crops, although I do not 
recommend the practice. For using also in conjunc- 
tion with guano, as a com manure, this kind of super- 
phosphate is admirably adapted, as adverted to under 
'* Using manures.^' Mineral superphosphates owe their 
value almost entirely to the soluble phosphate they 
contain. 

In speaking of soluble phosphate, it may be pre- 
mised that all buyers and sellers are now well aware 
that the various mineral phosphates are a perfectly 
legitimate source of this constituent of manures, and 
which so derived is in every respect as good as that 
obtained from bone. In the case of actual bone, the 
undissolved portion is of course as valuable, or, as I 
have always held, considerably more so than ordinary 
crushed bone, in consequence of the semi-dissolviug 
process it has undergone. On the other hand, that 
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left undissolved from the use of bone ash or mineral 
phosphates is^ at least so far as all present action is 
concerned, useless, and should consequently be avoided 
as far as possible, although I do not go the length of 
saying, as held by some, that it is positively worthless, 
and for the following reason. In all alluvial soils of 
natural fertility we find the phosphoric acid in the 
insoluble form, and chiefly in the form of phosphate of 
iron or alumina^these bases having the power of de. 
composing any other phosphates originally present. 
The same thing must occur when phosphatic manures 
are applied to ordinary soils, in which hydrated oxide 
of iron and alumina abound. 

Mineral superphosphates are made of all qualities— 
from 20 and under up to 40 and even much higher. 
Tbe higher qualities are more suitable for special pur- 
poses, as, for instance, exportation to the Colonies, 
where a high freight or long inland transport renders 
any reduction of weight of importance, rather than 
for ordinary use in the field. High class superphos- 
phates are, however, sometimes cheaper than the 
lower ones if care be taken to employ them properly ; 
that is, in proportionately lower quantity per acre. 
One having 40 per cent, is of course twice as valuable 
as another having 20 per cent., and if used in half the 
quantity of the latter, would have an equally good 
efiect provided all necessary care be taken in its 
application. This, although self-evident, is often 
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lost sight of in the employment of concentrated ' 
manures. 

Ordinary mineral superphosphates should have at 
least 25 per cent, soluble phosphates (phosphate of 
lime made soluble)^ although many reach 26^ 27^ 28^ 
and even 80 and over per cent. Diflferences of this 
extent we frequently found in samples of one price — 
the higher qualities of course depending entirely on 
price. 

In mineral superphosphate ' of whatever quality the 
soluble phosphate is therefore the chief item of value, 
hence it is of course very necessary to know with 
certainty at least the proportion of this constituent 
present. This should be ascertained by having a 
sample from the bulk delivered, tested by a competent 
chemist, as however honestly we may be served, the 
intended percentage of soluble phosphate cannot 
always be ensured for various reasons which need not 
here be entered upon. 

Bone Superphosphates and Bone Manuees. 

These are of course superior to the above, but of higher 
price, the bone left undissolved in them furnishes a 
more lasting supply of insoluble phosphate which comes 
in during the later stages of the growth of the crop, and 
which at the same time supplies nitrogenized organic 
matter. It is not to be supposed that this kind of super- 
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phosphate is made entirely from bones— ^uch a manure 
being now rarely met with, but from bone in conjunc- 
tion with either bone ash or minerals. For the in- 
soluble phosphates fresh bone only should be used^ as 
bone ash^ unless made soluble^ is but little^ if at all, 
better than mineral phosphate, as I have proved by 
recent experiments, and a high percentage of it in a 
manure is of no better value than the same quantity of 
mineral phosphate. 

Bone ash, as akeady mentioned, dissolves easier 
than any other phosphatic material, it being possible 
to make from it very high qualities of superphosphate, 
containing 40 or more per cent, of soluble phosphate. 
It is thus a positive waste to put it in the soil undis- 
solved, as often met with in manures under the erro- 
neous idea that being bone material it is but little 
inferior to bone itself. A good bone superphosphate 
is given at No. 2 in the subjoined table. 

Under the name of Dissolved Bones there are at 
present some very superior manures to be had, having 
a high percentage of soluble phosphate with a good 
deal of bone in a well softened state, and yielding 
besides insoluble phosphates of the best description, a 
good deal of nitrogen, which materially assists the 
action of the phosphates. 

A manure of this kind, when it can be had for a 
reasonable price, is, I consider, one of the cheapest and 
best forms in which we can expend our money, as it 
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supplies all the elements of vegetable liutrition in a 
matared and highly beneficial form. 

It may here be mentioned that bone mannres^ and 
other kinds to a less extent^ often lose on keeping 
some of the soluble phosphate they at first contained^ 
and which now appears as reduced or precipitated 
phosphates. This is because the soluble phosphate is 
a very unstable compound, always exhibiting an incli- 
nation, so to speak, to get back to its original condi- 
tion. Not only alkaline substances like the soda we 
used in our experiment (page 14), but neutral com- 
pounds like oxide of iron, organic matter, carbonate 
of lime, or even insoluble phosphate of lime, have this 
effect in a slower degree, and render it again insoluble. 
Even heating no higher than boiling water is, under 
certain circumstances, sufficient to cause its precipita- 
tion : hence an error frequently made in the analysis 
of such manures, in which cold water only should be 
used for extracting the soluble phosphate. 

In a freshly made bone manure^ the undissolved 
bone is for the greater part unaltered, or merely 
softened more or less on the surface; in a more 
matured sample, however, we find the bone, although 
perhaps,retaining its original shape and structure, is 
soft and crumbly, and has evidently undergone a 
further decomposition, and is thereby greatly improved 
as a fertilizing agent. It is found that this change is 
at the expense of some of the soluble phosphate. 
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which has now passed into the above-named condition. 
This circumstance deters many manofactnrers from 
trying to produce a really first-class dissolved bone 
(than which no better manure for general use is to be 
had)^ since they find that some analysts give them no 
adequate value for such a product. (See Valuation of 
Manure.) 

The composition of the manures now under notice 
is shown in the following table : — 





Ko.1. 


No. 2. 


Na8. 


No. 4. 


Moistare .... 


1216 


18-40 


16*11 


17-22 


^Organic mafcter, &c. . 


17-04 


14-34 


20-21 


11-22 


Biphosphate of lime 


1412 


15*43 


13-34 


17-15 


Equal to bone-earth made 










solable .... 


(22-04) 


(24-13) 


(20*82} 


(26-76) 


Insdliible phosphates 


14-79 


8-40 


6-56 


6-13 


Sulphate of lime . 


32*12 


35-29 


3636 


40-28 


Alkaline salts 


4-67 


2-60 


2*29 


3-04 


Insoluble matters . 


6-10 


5*34 


6*14 


6-96 




10000 


10000 


100-00 


10000 


^Containing nitrogen . 


1-40 


•74 


1-01 


Traces 


Equal to ammonia 


1-70 


•90 


1-21 


.•* 



No. 1 is a dissolved Bone of superior quality — 
the best samples averagmg 20 to 24 per cent, soluble 
phosphate, with 9 to 12 of insoluble, and li to 1| 
of ammonia. In this sample the precipitated phos- 
phate was determined, and* found to b© 8'43 per cent. 
No. 2 is a bone manure of lower quality, although 
higher than No. 1 in soluble phosphate, but the bone 
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is mncli less, tlie ammonia being little more tlian lialf 
the percentage of No. 1. No. 3 is a nitro-phospliate 
of fair quality. No. 4 is a mineral superphospliate of 
good qaality. 

Chemists adopt somewhat different modes of stating 
their results, bat in all cases the more essential consti- 
tuents are the soluble phosphate, the insoluble ditto, 
and the nitrogen equal to ammonia. The other con- 
stituents are of smaller importance, except when 
nitrates are present, when they appear amongst the 
alkaline salts, and the nitrogen of which should be 
added to that from organic matter, &c. Potash also 
when present occurs in the alkaline salts. 

The soluble phosphate always mean,s the tribasic 
phosphate made soluble by acid, whether it be stated 
as biphosphate, monobasic phosphate, or soluble phos- 
phoric acid. I see no advantage in stating the soluble 
and insoluble phosphoric acid, as adopted in some analy- 
ses, as the latter is of quite as indefinite value in manu- 
factured manures as insoluble phosphates, and depends 
entirely for its value on the form in which it exists, 
whether as bone, guano phosphate, precipitated phos- 
phate, undissolved coprolite, or what not; and, more- 
over, there is a greater liability to error in the deter- 
mination of phosphoric acid, which requires special 
care and longer time. 
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Explanation of Constituents of Manhbes as shown 

BY Analysis. 

As it is very desirable tliat bnyers and others should 
clearly understand the wordings and meaning of an 
analysis^ the following explanation of the more com- 
monly occurring constituents^ it is hoped will prove 
of service. The items are taken in the order usually 
adopted^ and as stated in the foregoing table. 

Moisture — ^is the water unavoidably present with 
the acid employed ; or added^ if the strong acid is 
used as in the foregoing recipes. A considerable 
proportion of this is again lost by drying when the 
manure is kept any length of time. 

The qaestion of moisture is often one of some im- 
portance to practical men^ since it influences by the 
rule of proportion before referred to, the proportions 
of other constituents on which the value of the manure 
depends. Thus as a quantity of manure dries, it of 
course loses in total weight : lE a hundred tons, say, to 
begin with, and it only loses 5 per cent, there wiU now 
be only 95 tons. The 7^ per cent, mentioned as loss 
in making superphosphates it will be remembered is 
the amount lost up to the time of its gaining a good 
manageable condition, which should be in a week or 
two after making, — but if kept for two or three 
months longer, the loss will be considerably greater 
than this. 

4 
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In tHe case of raw phosphates also the difference 
arising from this cause^ that is the extent to which 
the moisture influences the percentage of phosphate of 
lime^ is often ^triking^ and might almost at times be 
doubted^ were it not a matter of hard fact and figures^ 
which any one as well as a chemist can calculate. 
Thus^ a sample which in dry state gives say 70 per 
cent, phosphate of Hme^ will if calculated for the 
natural condition, with say 10 per cent, of moisture 
(round numbers only being taken for simplicity) give 
only 63 per cent. 

Again, supposing the sample analysed contained 2 
per cent, moisture instead of being .quite dry^ the 
result in this case would be 68*6 instead of 70, and if 
calculated for 10 per cent, moisture would of course 
give 63 per cent, for the natural state — showing that 
it makes no difference whether the dried portion is 
completely dry or not. On the other hand, if the dried 
sample containing 2 per cent, moisture were assumed 
to be dry, and so calculated, we should get 61*74 per 
cent, instead of 63. This might arise from a finely 
ground and perfectly dry sample being exposed for 
Le time to the air, Zom which it woufd absorb 
moisture though rarely to the extent of 2 per cent. 

In the case of a sample incompletely dried and 
afterwards analysed, a slightly different calculation is 
needed. Thus, suppose a quantity (say of the above 
sample) is dried and found to lose 8 per cent, moisture. 
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and is afterwards found to have still 2 per cent, 
moisture. The latter would of course have as before 
68*6 per cent, phosphate^ and calculated for the natural 
state would have again 63 per cent, and not 64*4 as we 
might be misled into supposing if calculated in the 
same manner as the foregoing example. 

Obganjc Matter — ^is the general term applied by 
chemists to all substances of animal or vegetable 
origin which are decomposed by heatiDg or subject to " 
decay. Thus hair^ wool^ cotton^ sawdust^ &c. are all 
organic matters although they possess very different 
manurial values. This is found to depend almost en- 
tirely on the amount of nitrogen they contain^ or in 
other words^ on the amount of ammonia they are 
capable of yielding by decomposition. Thus hair, 
wool, horn, ^d molt Ws of animal matter (excep; 
&t) contain much nitrogen and are valuable as 
manure; whilef cotton, saw-dust, bark, &c. have only 
traces of nitrogen and are almost worthless as manure. 
Thus we perceive the reason for stating this item in 
the manner shown in the table, viz., organic matter, 
&c. containing nitrogen, equal to ammonia. The total 
amount of organic matter or other bodies occurring 
under this item, is of little consequence, because it 
may be non-nitrogenous ; but the further direct estima- 
tion of the nitrogen, from which the ammonia is calcu- 
lated, at once shows what kind of organic matter it^is, 
and its manurial value. Associated with this item in an 

4* 
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analysis^ one often meets with^ the term '^ ammoniacal 
salts '' and also " water of combination/' 

Ammonia is an invisible gas like atmospheric air. 
but possesses a strong pungent odour familiar to all aa 
given off from smelling salts. K we mix a little 
guano or sulphate of ammonia with lime and sufficient 
water to make a stiff paste^ on stirring the mass we 
shall liberate large quantities of ammonia whichalthough 
invisible, is soon made manifest through our nose. 
This is ammonia gas, wHch under these circumstances 
is set free from the ammoniacal salts occurring in either 
of these materials, and which contain the ammonia 
combined with an acid in a fixed or non-volatile state. 
What is called '^ fixed '' ammonia is ammonia in this 
state of combination in which it no longer exhibits its 
pungent smell, and is incapable of flying off except 
at a high temperature. The value of all such salts as 
manure, depends on the same rule as for organic 
matter, viz., the amount of actual ammonia they 
yield. (See under.) 

Water of combination is a useless though unavoidable 
constituent of all superphosphates, being the water 
chemically combined with the^ sulphate of lime or 
gypsum, formed by the action of the sulphuric acid 
upon the lime occurring in the various phosphates 
employed, as before mentioned. 

Nitrogen, equal to Ammonia. — Lastly, under the 
analysis, we always find this item which, as above 
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explained^ expresses the actual quality of the manure 
in respect to the organic matter or ammoniacal salts 
it contains. It may be added that one per cent, of 
ammonia is equal to about four per cent, of sulphate of 
ammonia. This leads me to remark that the usual mode 
of stating the amount of ammonia in manures^ as above^ 
is hardly so good or fair as could be wished, since the 
amount of ammonia stated is the ammonia gas before 
mentioned, and is the lowest possible shape in which 
it is possible to express it, and is moreover an artificial 
condition in which it never occurs in nature. Even 
free ammonia, so-called, as it occurs in nature, is in 
reality carbonate of ammonia, and would have a much 
higher figure. As sulphate of ammonia is, however, best 
known, and is a tangible salt well known in commerce, 
it conveys a much better idea of the quantity of ammonia 
present. I therefore frequently state the ammonia in 
analysis as equal to pure sulphate of ammonia, as well 
as in the ordinary way, and shall be always ready to 
do so when requested. It need hardly be said that 
this or any other mode of stating the result in no way 
affects the proportion of ammonia present, which is 
calculated from the direct estimation of nitrogen, and 
includes the nitrogen present both in salts of ammonia 
and organic matter, as before described. 

When nitrate of soda is present, it occurs under the 
item alkaline salts ; and the nitrogen in which should 
be added to that as above (since it cannot be obtained 
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in the same manner)^ and the whole calculated as 
ammonia. 

BlFHOSPHATE OF LIME, EQUAL TO BONB-EABTH MADE 

SOLUBLE. This item has already been referred to as 
one of the primary constituents in all manures of the 
kind now under consideration^ its value in the soil 
depending^ as well known, on its ability to supply 
the plant with the phosphatic food so largely required in 
the development of roots, grain, and in fact all kinds 
of agricultm*al produce. 

We have already mentioned biphosphate of lime as 
the product resulting from the action of the sulphuric 
acid on the natural or tribasic phosphate of lime or 
bone-earth. What is commonly understood by soluble 
phosphate is the bone-earth so decomposed — ^not the 
biphosphate— -altliough it is in this latter form that it 
exists in the manure ; hence the reason for stating this 
item as above. When we say 25 per cent, soluble 
phosphate, we therefore mean 25 per cent, of phosphate 
made soluble (often so stated when a complete analysis 
^ is not required), and not 25 per cent, of biphosphate : 
this latter would be about 16 per cent., and is cal- 
culated from the former when the complete analysis is 
given, for the reason above stated. 

Phosphobic Acid, soluble in water.— Superphos- 
phates are now often analysed by determining directly 
the phosphoric acid soluble in water, and which is 
supposed to give a more definite expression of their 
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composition and valae. The plan^ however^ cannot be 
recommended for general nse^ since it lias the drawback 
of increased liability to error, consequent on the delicacy 
of the process for determining phosphoric acid by which- 
ever method adopted. Also in point of time, any 
curtailment of which leads to an inaccurate result. 
This method is, however, preferred, by Continental 
buyers, and can always be adopted when desired. 

Pbecipitated OB Bebuced Phosphate may be re- 
garded as holding an intermediate place between 
soluble and insoluble phosphate, and although some 
chemists do not separately identify it from the latter, 
its occurrence, sometimes in large proportion, is well 
known to all who have anything to do with the analysis 
of superphosphates. (See page 46). 

Insoluble Phosphates. — As it is impossible in 
practice to render the whole of the phosphate of 
lime soluble, even if it were wished to do so, there is 
always found in superphosphates more or less insoluble 
phosphates or phosphate of lime in its original un- 
changed state. In superphosphates made from mine- 
rals this item is often considered of little or no value, 
for the reason that it is unassimilable by plants, but 
it may be doubted whether in the long run it does not 
slowly become available, seeing that the natural phos- 
phates of the soil are present in similar combinations. 
When bones are used, as in the recipes before given, 
the insoluble phosphate will consist of bone more or 
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less cliaiiged by the acid employed^ and constitutes an 
item of considerable valne. Many of the phosphatic 
guanos furnish superior insoluble phosphates. Also 
the various kinds of bone-meal^ steamed bones^ &c. 

Sulphate of lims^ also called gypsum, occurs in large 
quantity in all superphosphates^ beings as above men- 
tioned^ the result of the acid acting on the phosphate 
and carbonate of lime present in the raw phosphates 
employed. A little is also added in some cases to 
assist in drying the manure. This property of sulphate 
of lime to take up water chemically is one of much value 
in connection with superphosphates, as it is the cause 
of their drying up spontaneously and passing into the 
state of powder so necessary to their eflfective employ- 
ment as manures. Sulphate of lime also has a low 
but decided value as manure^ and on soils deficient in 
sulphates is often highly beneficial. In buying super- 
phosphates we get this substance into the bargain^ 
although it is often separately purchased, especially 
for application to grass land. The burned, or rather 
baked gypsum is most eflfective for drying purposes, 
and takes up about one-fourth its weight of water to 
form water of combination which does not dry off 
like moisture. This baked gypsum is the well known 
article called plaster of Paris. Gypsum often contains 
carbonate of lime, and is then unfit for drying purposes, 
as it '^ kills" the acid and undoes what we have been 
doing by the dissolving process. 
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Alkaline Salts consist mostly of sulphate of soda 
deiived from the common salt accidentally present in 
the materials employed^ and sometimes added^ with 
smaller quantities of potash derived from the same 
source. When salts of potash are added in mixed 
manures^ they come under this item^ and have a special 
value. Potash is now much used in this manner^ being 
found to have a good effect in conjunction with phos- 
phates. Nitrates also occur here as before explained. 

Insoluble silicious mattebs consist of the earthy or 
sandy matter naturally present more or less in all the 
phosphates^ and is to be considered an unavoidable 
though useless item. In adulterated or very inferior 
manures^ however, this item wiU include any earthy 
matter which may have been added, as in the examples 
given under adulterated manures, and in such cases 
often forms the largest item in the analysis. 

The table of analyses given at p. 47, will illustrate 
the foregoing remarks, and show about in what pro- 
portioDS the several items mentioned occur in good 
samples. As I sometimes meet with persons who have 
forgotten their decimals, and to whom the decimal 
mode of stating the analysis is the most puzzling thing 
about it, I may add for their benefit, that the figures 
simply represent the proportions by weight in 100 
parts, whether ounces, pounds, or tons, and could not 
well be shown in any other way. For instance, 25 per 
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cent, of solnble phosphates might be expressed by 
saying that the manure contains one quarter or one- 
fourth part of soluble phosphates^ and if it had 33 per 
cent, we might say it had about one^third, but if as 
generally happens^ the proportion is some irregular 
quantity^ such as 2S, 27^ 30^ or what not, these vulgar 
fi»ctions would no longer express what is required, but 
which is at a glance shown by the decimals in the 100 
parts. 

It may be added that for practical purposes the 
figures on the right-hand side of the point or dot may 
be disregarded, except in the case of ammonia; 
although it is better to bear in mind, and in the case of 
ammonia, essential to do so, that -50 is one half a per 
cent., *25 one quarter, and *75 three-quarters of one 
unit, or one-hundredth part. One per cent., or a 
hundredth part, is a considerable quantity of ammonia, 
hence it is important to know whether there be 1, 2, 
3, or more tenths over or under the quantity bargained 
for, and this is what is represented by the figures on 
the right-hand side of the point, the one unit, or 1 per 
cent., being there divided again into 100 parts, as will 
be seen by any one after a little consideration. 

Niteo-Phosphates, Night- Soil Phosphates, etc. 

We have next to mention nitro-phosphates, by which 
is* usually understood a superphosphate in which the 
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organic matter of the bone is replaced by some other 
nitrogenous organic matter^ snch as bloody wool refosej 
&c.: these manures^ when of good quality^ have an 
excellent effect in the soil, the effect of the acid* on 
the organic matter being to bring it into a stato of 
incipient decomposition highly favonrable to assimi- 
lation by plants ; hence we find that the same kind of 
organic matter so treated acts more efficiently than in 
its natural state. 

Another kind of phosphatic manure should also be 
noticed^ viz., ^' night-soil phosphates/' which promise 
ere long to assist iu solving the sewage difficulty. In 
the best of these patents, the solid and liquid excre- 
ments, without the addition of water, are treated with 
acid and phosphatic materials, as in making super- 
phosphate, the result being a manure combining the 
well-known fertilizing properties of night-soil with 
those of superphosphate. Some of these manures 
that have come under my notice have been of very 
fair quality, although from various practical difficulties 
connected with the manufacture, they do not of late 
appear to be much used. 

The majority of the manures obtained by precipi- 
tation in the purification of sewage, are of very poor 
quality, chiefly from the paucity of nitrogen, which 
cannot be precipitated by any known process. It is 
unnecessary to give the analyses of these articles, which 
consist generally of silicious matter, organic matter 
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with very little nitrogen^ a little phosphate^ and the 
materials nsed for precipitation. The following passage 
from a recent report of mine may here be quoted. 

'' At the same time there is still in many districts a 
great want of knowledge on the subject of/ vegetable 
nutrition and what constitutes money's-worth- in the 
shape of artificial manure. An instance of this is 
afforded by the efforts made in several localities, in 
some cases at a large outlay^ to prepare a so-called 
manure from sewage by precipitation. Town authori- 
ties are of course anxious to get rid of their sewage, 
and when led to believe they can do so at a profit by 
such processes, have been induced to enter upon 
schemes altogether wanting in sound principles. To 
the credit of farmers, however, the sale of such pro- 
ducts does not appear to have met with the success 
anticipated by the promoters. It may be accepted as 
a chemical impossibility ever to prepare, by precipita' 
tion from sewage, a manure which shall repay its cost 
of production when its true commercial value is found 
either by practical experience or trustworthy analysis. 
There is no question of the manurial value of human 
excrements, and it is quite possible to prepare from 
them a valuable artificial manure, hut this must he done 
hefore it has heen mixed with water, since, when this 
has once been done, owing to the solubility of the 
valuable constituents, and to the fact that there is no 
practical means of precipitating them again, such 
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matter is practically worthless, except for irrigation ; 
for which purpose, however, it is in my opinion, far 
too little prized. I have been led to make these re- 
marks from the gi*eat importance of the subject, and 
in order that consumers of manure should have some 
idea of the nature of the above preparations/^ 

In connection with this subject I may just refer to 
one popular error which goes far to subvert even the 
partial utilization as manure, of hmnan excreta. It is 
that the solid portion is the valuable portion, while the 
liquid is useless ; the same applies also to the manure 
produced in farmsteads. This error, founded on the 
general impressions conveyed by our unaided senses, is 
no more than natural, but none the less mischievous, 
and ought to have been long since dispelled by the 
teaching of science, not only on economic, but on 
sanitary grounds. So far from this impression being 
true, the contrary is the fact, since the urine contains 
almost the whole of the nitrogenous compounds con- 
tained in the food, hut in a soluble form. It is in this 
shape that the thousands of tons of valuable fertilizing 
matter is allowed to be irrevocably lost in the sea, 
which might be saved if kept out of the sewers ; while 
at the same time it is the chief source of the unwhole- 
someness and repulsiveness of some drinking waters ; 
as there are no known means of removing it again 
when once added to a stream or well. It is diflScult 
for persons unacquainted with chemistry, and even 
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for Bome who are, properly to realize the property of 
solubility and its bearings on natural processes, or in 
other words, to see that a clear and often colourless 
liquid can be loaded with solid matter in an invisible 
form. It is this which gives rise to the popular im- 
pression that urine can be of little worth compared 
with the solid excrement, either of man or beast, and 
hence even in the attempt to utilize the former, a 
grievous mistake is often made, as in the case of the 
French Poudrettes; while in the latter, there wiU 
always be a serious deficit of nitrogen on the farm, 
unless the floors of stables, &c., are provided to save 
the liquid as well as solid excrements of the horses and 
other animals; while for the same reason, any well at 
all within reach (the distance depending on the character 
of the soil) will become contaminated. 

Manures prepared from urine have been submitted 
to me for analysis, and have proved almost equal 
to guano, and which is no more than reasonable, seeing 
that it contains in its natural state about 1^ per cent, of 
ammonia (nitrogen equal to), while the solid dry 
residue obtained by its evaporation is one of the richest 
nitrogenous materials known, containing not only a very 
high percentage of ammonia, but also a large proportion 
of pho^horic acid, with which part of the ammonia is 
combined, thus forming one of the richest possible 
manurial combinations. Yet here is this liquid, which 
might be obtained in any quantity, allowed to waste or 
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worse than waste, since if it were withheld from the 
sewers half the difBculty of dealing with their contents 
would be removed. 

As the collection of this liquid from factories, public 
urinals, &c,, is not attended with the same difficulties 
which appear to form such a serious obstacle to the 
house-to-house collection of the contents of closets,^ 
there appears no reason why it should not be utilized 
by evaporation in closed vessels, in a similar manner to 
the preparation of sulphate of ammonia from gas 
liquor. It is true there is a slight difficulty in the way 
of drying up the residue, which is of a peculiarly 
deliquescent or undriable character, hence the use of an 
absorbent might be necessary, but from the richneas^ 
of the material in nitrogen as above pointed out this 
might be used without reducing the product below a 
marketable quality. It may be added that one of the 
best absorbents is the solid excrement dried up with 
the urine, hence the collection of the two and drying 
up in this manner would appear to be the natural and 
reasonable disposal of them, although at present appa- 
rently attended with insuperable difficulties. These 
remarks as to details, although perhaps rather out of 
place, are offered merely as hints as to how it is to be 
done; there are doubtless practical difficulties to be 
overcome, or it would have been done long since, but 
the subject is weU worthy of practical experiment, 
both as a source of profit, as well as towards removing 
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the reproach to onr so-called advanced science^ which 
appears powerless to avert this wholesale drain of 
fertilizing elements from the land^ which should be 
a source of profit instead of disease as at present. 

It must be distinctly understood that these remarks 
do not apply to sewage, the treatment of which by any 
such plan is of course wholly inadmissible^ from the 
dilution by water which all valuable constituents have 
undergone. 



CHAPTER IV. 
BONE DUST, GUANO, NITRATE, etc. 

The following articles must needs be bought, being 
natural products, although so-called artificial manures. 

Bones are an old and favorndte artificial manure, their 
striking effects in some cases on grass land having 
done much towards stimulating inquiry into the first 
principles of agricultural chemistry in years past. At 
present bones are mainly employed by manufacturers 
for dissolving in conjunction with other materials in 
the preparation of bone manures, although, as just 
referred to, a considerable quantity are still employed in 
their unaltered crushed state. Except for special pur- 
poses, however, such as for use on sandy soils or for 
certein kinds of grass land, the employment in this 
way cannot be recommended, since a better effect in 
every respect can be obtained at less cost by the use 
of other materials, notably soluble phosphates, mixed 
with the bones, in place of all bones. 

In bones the nitrogen and phosphate of lime are dor- 

5 
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mant, so to speak, or require a long time for their 
becoming active plant food on the majority of soils. 
Hence, although bones have a special value of their 
own, for all present purposes they cannot be compared 
in their raw state with other manures of the same 
strength, or rather having the same proportions of 
nitrogen and phosphates, in an active .condition. 

No. 1 in the following table represents a good sample 
of pure crushed bones : this is rather above the average 
percentage of nitrogen, this sample being especially 
dry and clean, that is free from dirt or sandy matter. 
No. 3 is steamed bones, in which a portion of the gela- 
tine or nitrogenous matter of the bone is extracted. 
In all cases it is advisable to use bones from which the 
fat has been extracted, since fat is not only valueless 
in the soil, but retards the decay of the bone ; in fact, 
it is the fat deposited throughout the structure of the 
bone, coupled with its hard structure, which renders it 
so slow of action as a manure. 

A kind of bone is occasionally met with in commerce 
termed Egyptian bones, in which the greater part of the 
gelatine appeal's to have decayed, leaving the bone in 
a brittle and dusty state, and in which the nitrogen is 
consequently very low, as shown in No. 6. Similar 
samples are also obtained when gelatine is manufac- 
tured from bones by the agency of steam, of which 
No. 4 is an example from Prance. 
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A very beautif al bone material of recent introduc- 
tion is shown in No. 2 : it is prepared from pure bones 
witli animal matter (of easy decomposition) in an al- 
most impalpable powder. Another sample of higher 
quality is shown in No. 7. 

The dried fish shown at No. 5, and before referred 
to, is a useful constituent of manure, being rich in 
nitrogen and phosphate of Kme, and in a good dry 
condition. The phosphate is often lower than in this 
example. 

Several kinds of bone meal of various qualities are 
now in the market, and when of good quality are 
superior to ordinary bone dust, since many of them 
contain dried animal matter in addition to the bone. 

BoNB Materials. 

1. 2. 8. 4. 6. 6. 7. 

Crushed Fine Steamed French Dried Egyptian Meat 
Bone. Bone Bone. Botie Fish. Bone. MeaL 
Meal. MeaL 

Moisture . . 7*13 5*82 7*40 6*20 8-10 

*Nitrogeiiized organic 

matter . . 36-61 41-13 31*69 17-50 50*66 

Phosphate of lime . 48-32 45-22 52-11 67*53 30*40 58*31 < 3364 
Carbonate of lime, 

etc. . . . 7-11 6-00 7-19 9-31 6-45 

Insoluble matter . -83 1-83 1-61 *46 ... ... 1-15 



100-00 10000 10000 100-00 100-00 

•Containing nitrogen 3-75 4-60 3-13 1-60 7'20 1-57 688 
Equal to ammonia . 4-56 5-58 3-80 1*94 8-74 1*90 8*30 



5 * 
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Peeuvian Guano, etc. 

Peruvian gnano, although fallen off considerably 
from what it was some years since, is still one of the 
great standard mannres, and likely to remain so for the 
present at least. 

The original deposits on the Chincha Islands have 
been, as is well known, exhausted for some time, and 
the inferior deposits now drawn upon are unfortunately 
not only of generally lower quality, but also of very 
uncertain composition. Thus, while Peruvian guano 
formerly contained 16 to 18 per cent, of ammonia, and 
was so uniform in composition that no analysis was 
necessary when it was known to be genuine, the best 
now contains 11 to 12, the majority 9 to 11, while 
many are much lower, and hence an analysis is in all 
cases necessary even of genuine samples. Greater 
care has however been taken of late in shipping 
cargoes, so that it is on the whole better than the guano 
imported two or three years since. Moreover, as the 
Peruvian Government has now adopted the more 
reasonable course of allowing the guano to be sold at 
prices according to its quality, the grievance that until 
lately existed of having to pay one price for guano, 
which was known to differ in money value in different 
samples as much as £3., £4., and £5. per ton, is now 
removed, and hence this valuable manure, which was 
beginning to lose the confidence of farmers through 
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the exorbitant price of the lower samples, and the 
constant disputes arising therefrom between buyers 
and sellers, is now regaining favour. 

The subjoined analyses are selected as good exam- 
ples from a great many I have analysed this year : No. 1 
is a superior sample. No. 2 a good sample, and Nos. 3 
and 4 of low quality, although rich in phosphates. 
Although of inferior quality, these latter are genuine, 
that is, intheir natural state. An imperfect appreciation 
of this fact often leads farmers to become victims to 
unscrupulous dealers. 

The condition of sampjes of guano has been much 
better of late. The damp samples were the rule 
some time since, and which are difficult to prepare for 
the field — ^the lumps becoming pasty on beating, and 
not easily sifting. For the same reason there is a 
greater loss of ammonia from such samples, as evi- 
denced by their strong ammoniacal odour. 

The clay.like lumps found in Peruvian guano, and 
which I know some farmers regard as really clay, or 
something akin to it, are in fact the richest portion of 
it, and should be carefully preserved when putting the 
guano through a sieve or screen. They should be 
chopped down with a shovel or spade with dry ashes or 
gypsum if it can be had, as from their extreme rich- 
ness in ammoniacal salts, they may do injury if applied 
to the crop in the crude state. 

The occurrence of these lumps in Peruvian guano, 
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and its consequent damp condition, necessitate greater 
care in its analysis than when dry, much trouble and 
labour being requisite to rub down the sample, after 
careful chopping, to a uniform paste, without which the 
actual percentage of ammonia in the sample cannot be 
accurately ascertained. The following table represents 
the composition of Peruvian guano, stated in the form 
officially adopted. 

Composition OP Peruvian Guano. 





1. 


2. 


3. 


4. 


Moisture .... 


1114 


1413 


18-36 


15-13 


^Organic matter and salts 










of ammonia . 


45*24 


38-24 


19-93 


14-50 


Phosphate of lime 


2612 


25-13 


36-32 


3216 


t Alkaline salts . 


12-00 


16-97 


12-32 


908 


Insolable silicious matter 


5-60 


6-53 


14-17 


29-13 




100-00 


100-00 


100-00 


100-00 


containing nitrogen 


9-50 


8-40 


3-50 


2-60 


Equal to ammonia 


11-53 


10-20 


4-25 


3-18 


fContaining phosphoric acid 


1-19 


1-61 


1-20 


Traces 


Equal to tribasic phosphate 










of lime . . • 


2-60 


3-52 


2-62 




Total phosphoric acid 


13-17 


15-03 


19-25 





' The unshaken belief in guano entertained by some 
farmers may be explained by the fact that in many 
cases they get as good a crop from it now as they did 
formerly, and this leads them to think that analysis 
may after all be at fault. The fact is, however, that in 
the majority of cases, & to 10 per cent, of ammonia is 
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quite sufficient to apply in any manure at the' ordinary 
rate^ and the larger quantity formerly used was in too 
many instances wasted. This circumstance has also 
covered a multitude of sins in the way of adulterated 
guanos: the farmer may have used a guano adul- 
terated one-half or perhaps two-thirds, but as it still 
gave him a good crop if the season proved favourable, 
he was satisfied, and nothing said. 

Dissolved Peruvian guano is now well estabUshed in 
the English market, and merits special attention from 
its high quality as a manure, and the advantages it 
offers in the "^ay of uniform guaranteed composition, 
and good marketable condition. These merits I have 
found fully borne out in my analyses of it, and which 
I have pointed out at greater length in my official 
report of it to the ma^^cturers, ^th which most^ 
agriculturists are doubtless familiar. Its composition 
is given at No. 1 in the following table, although this 
example is above the present guarantee. The use of 
this article would doubtless be more extended were its 
price the same as the unaltered guano. 

The following table represents the composition of 
some of the principal high-class manufactured manures 
offered as substitutes for guano, and will no doubt be 
recognized from the published reports I have supplied 
to their several manu&cturers as to their merits. 
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CONOBNTRiLTED MANURES. 

1. 2. . 3. 4. 5. 

Moistnie . 11-30 8*13 93*09 14*13 14*03 
Niirogenized organic 

matter and salts of 

ammonia . . . 39-54 29*71 45*23 1118 21*33 

Biphosphate of lime . 12*97 14*42 15*40 28*33 24*45 
Equal to bone-earth made 

soluble . . . (20*24) (22-46) (24*02) (44*20) (38*14) 

Insoluble gnano phosphate 4*80 8*43 2*11 6*37 3-02 

Sulphate of lime . . 19*07 6*29 22*86 32-68 31*23 

Sulphate of magnesia 4*76 

Alkaline I9alt8 . . 8*34 3*62 4*37 5*38 3*14 

Insoluble matters . . 3*98 5*64 1*76 1*96 2*80 



100*00 10000 100*00 100*00 10000 
Containing nitrogen . 8*50 7*02 8-50 *51 2*31 

Equal to ammonia . 10*32 8*53 10*32 *64 2*80 

The choice of high-class and other manures was 
never so wide as at present^ and with ordinary discri- 
mination on the part of buyers, never could such good 
value in this shape be obtained as at the present time. 
The uncertain value of Peruvian guano has given a 
stimulus to the use of high-class compound fertilizers, 
many of which are found to yield as much as 15 to 20 
per cent, of soluble phosphates, and 7 to 12 of 
ammonia, according to price* The high percentages of 
chemical fertilizing constituents are not, however, the 
only tests df merit in such cases,*^-^a dry and powdery 
condition being also an essential requisite, while a 
judicious choice and blending of the sources of the 
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several constituents, contributes much, even in the 
case of comparatively low qualities of manures, to their 
eflfectiveness and profitable employment in the field. 

From the want of sufficient knowledge amongst 
some classes of buyers as to what is dear or cheap ia 
the shape of artificial manures, farmers are stiU to be 
found employing inferior or even worthless articles at 
prices which, although low in amount, are far above 
their value, while a reaUy good article, offering ample 
money's-worth, but at a necessarily higher price, is 
persistently passed by. Buyers, still too often failing 
to perceive, that in all such cases, the price per ton is 
quite secondary to the quantities of actual plant food, 
and its practical results, obtained from a given sum. 

Many other kinds of guano appear in the market 
from time to time, but of which there appear to 
be no regular supplies, and need not therefore be^ 
noticed at any length. BoUvian guano has been long 
known ; that lately met with, is a rich and peculiar 
guano, containiug, in addition to the ordinary guano 
constituents, a considerable proportion of nitrate. 
Angamos guano is a curiosity of rare occurrence con- 
taining sometimes over 20 per .cent, of ammonia- 
Various kinds of Phosphatic guano were formerly much 
used for root crops, but of late it is widely known that 
as a rule the employment of such materials in their raw 
state is a wasteftd and non - effective proceeding, 
although they furnish excellent insoluble phosphates 
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for oompound manures^ as already mentioned. Such 
gnanoB are now still used in the Norths where on certain 
soils they are found to be effective. These guanos 
contain 30 to 70 per cent, of phosphate of lime^ more 
or less pare^ that is^ free from admixture with oxide of 
iron, with small quantities of organic matter, fm^nishing 
a little nitrogen, mostly under 1 per cent. The 
amount of the latter is important over and above its 
actual agricultural value, inasmuch as it shows to what 
extent the guano is mineralized, its practical value 
being in proportion as it is unmineraHzed, that is, 
retaining its natural condition of chemically minute 
subdivision. 

Guauahani guano is a new kind^of guano lately 
imported in considerable quantity, especially in the 
North. It contains 30 to 35 per cent, of phosphate of 
lime, with a notable quantity of nitrogen — ^partly as 
nitrate, and which adds materially to its effectiveness 
in the field. 

Nitrate of Sqda. 

In consequence of the lower price of this article 
of late, it has been more than ever used for spring top 
dressing, for which purpose it is admirably adapted. 
At the same time it should be borne in mind that 
this manure is a stimulant merely, and is likely to 
/'draw^' the land unless it is otherwise supported 
with phosphates and other elements of vegetable 
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nutritioD. It may also prove a somewhat wasteful 
medium for expending money on nitrogen, inasmuch 
as all of it not taken up by the crop, is washed into 
the drains if exposed to heavy rains, owing to the non- 
retentive character of the soil towards nitrates j or in 
other words, the soil has little or no power of 
absorbing and retaining these salts, as it has those 
of ammonia. 

There is reason for believing that all nitrogenous, 
constituents applied as manure are converted into 
nitrates before being taken up by plants. Whether 
or not such conversion is essential to assimilation is 
not yet determined, but it has been shown by some 
important experiments, that a constant nitrification 
proceeds in the soil, and leads to a constant waste of 
its nitrogenous constit]ients for the reason above men- 
tioned. 

The frequent presence of nitrates in well water^ 
often in considerable quantity, especially when con- 
taminated by nitrogenous impurities (and which con- 
stitutes an indication of the latter circumstance), would 
also point to the ready conversion of nitrogenized 
organic matter into nitrates in the presence of earthy 
matter, calcareous matter, and moisture. 

Nitrate of soda, when pure, is of very uniform com- 
position—containing seldom more than 5 per cent, of 
total impurities, which is termed its ^^ refraction.'' 
These impurities consist chiefly of common salt, with 
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sulphates, moisture, or insoluble matters. In conse- 
quence of its high price, however, nitrate of soda is 
often found adulterated, generally with common salt, 
as it is impossible to distinguish samples so mixed by 
any means short of analysis. The rough testing of 
nitrate sometimes recommended of throwing it on a 
fire is entirely fallacious, since the chloride of sodium 
has no effect that can reveal its presence, unless 
present in large quantity. A better rough test is to 
mix a little with vitriol, when any excessive evolution of 
the greenish coloured suffocating gas (chlorine) indi- 
cates admixture with common salt. Nitrate of soda 
containing much common salt is very objectionable for 
use in the manufacture of vitriol — since the chlorine 
liberated as above has a very destructive effect on the 
lead of the acid chambers. 

Discoloured nitrates are often but little inferior in 
quality to the best, when hona-fide (see No. 3 in sub- 
joined table)^ but of late it appears such samples are 
prepared for the market by unscrupulous dealers (No. 
4). White samples of nitrate are by no means always 
the best, those having a brownish or pinkish shade 
are as a rule the better. The most adulterated samples 
generally have a fine white colour : No. 2 was an in- 
stance of this kind. No. 4 was offered as slightly 
damaged at £10. per ton, a price at which many would 
be likely to buy it as it was only slightly discoloured. 
Its value, however, was only about £5. per ton, and 
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this is all that was paid for it by my client on learning 
its actual worth. The high price of nitrates thus ad- 
mits of serious loss^ if we don't mind what we are 
about. 

NiTRATB OF Soda. 





1. 


2. 


3. 


4. 


Moistnre 


•64 


1-70 


1-62 


1*46 


Nitrate of soda . 


96-57 


62*44 


94-93 


34*60 


Chloride of sodinm 


2-37 


33-26 


1*40 


61*50 


Sulphates, etc. 


•42 


2-60 


6*3 


2*20 


Insoluble matter . 


Traces 


Traces 


1*42 


*24 




100-00 


10000 


10000 


100-00 


Befractioa . 


3-43 


37*56 


5-07 


65-40 



Katnit 

is a material of comparatively recent introduction^ in- 
tended to supply potash to the soil — a material which 
had previously been of too high a value to allow of 
much being employed in this manner. Its addition in 
conjunction with other manures on light lands is calcu- 
lated to be of service^ and especially for potatoes, as 
referred to in speaking of special manures. Muriate 
of potash is also now imported as a concentrated source 
of potash^ having about 80 per cent. Kainit contains 
about 23 to 25 per cent, of sulphate of potash^ with 
salts of magnesia and soda. 



78 



Adulterated Manubes. 

So far we have noticed only manures of fair quality, 
bat as well known, many of those offered to the notice 
of buyers are of inferior quality, and often adulterated. 
Such articles are generally offered at a lower price than 
.good manures can possibly be got for, and it is with 
manures as with other goods, if we pay less than a 
reasonable price, we must expect to be taken in; 
hence in such cases there is the less sympathy for the . 
sufferers. There are however, other so-called manures 
for which high prices are charged, and are even more 
worthless than low-priced ones, while numbers of inferior 
manures pass muster year after year, at the current 
prices of good ones, but which are much below in 
value and therefore yield an undue profit to their 
vendors, and against which it is as much the interest of 
respectable sellers, as of buyers to protest. 

Chemists are sometimes blamed because a manure 
which they have analysed and reported well of may 
afterwards be found to be of lower quality, but it is a 
common practice amongst fraudulent dealers, especially 
in guanos, to have a sample analysed before they 
adulterate it, and then represent such analysis as 
showing the composition of the bulk. This is an 
injury to which all chemists of any note are subject 
and against which they are of course powerless. The 
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only safeguard against the integrity of samples being 
the reputatipn of the dealers^ and which is of course 
of no avail if bargains are sought after from unknown 
dealers. 

Nothing can be a greater fallacy on the part of 
farmers than to suppose they catn judge of the quality 
of a manure as they can of a sample of corn^ or by its 
appearance, smelly feel, &c. After a very wide expe- 
rience on this subject I can unhesitatingly affirm that 
it is absolutely impossible for any one, whether 
chemist or not, to form any reliable opinion of a 
manure in this manner. In the case of adulterated 
guanos especially, I have been offcen astonished at the 
excellent external resemblance to genuine Peruvian, 
by some perhaps grossly inferior sample : the fact 
being that the art c^ adulterating guano has been well 
studied, and reached a high degree of perfection, and 
showing that the trade must be a remunerative one. 

While it is thus the fact that there are many adul- 
terated and inferior manures in the market, and that 
buyers should be on their guard against purchasing 
them ; we should avoid falling into the absurd doctrine 
taught in some quarters that all manure manufacturers 
are rogues and making fortunes out of the pockets of 
the &rmer. A simple calculation of the cost of raw 
materials, the large capital required for the erection of 
works, and to give the credit expected by the majority 
of buyers, cost of labour, carriage, bags, &c., will 



80 

show that when the manures are supplied of the 
quality represented^ and it is the &rmer's own fault if 
they are not^ the net profit obtained by the maker is 
by no means excessive^ in fact considerably less than 
is expected in many other trades in which large 
capital is expended. 

The following examples of adulterated manures, 
analysed by me, will suflBciently illustrate this portion 
of the subject ; and are selected from many others I 
constantly receive. 

Composition of AmjLTBRA.TED Manures. 

No. 1. No. 2. No. 3. No. 4. 

Moisture . . . 1317 9-34 2410 2813 

^Organic matter, etc. . 6*94 6*36 13*12 11-36 

Biphosphate of lime . 3*59 Traces Traces Traces 

Equal to bone-earth made 

soluble . . . (5*60) 

Insolnble phosphates . 1614 10*13 8*13 7*13 

Sulphate of lime . . 30*27 17*80 12*48 ) 

Alkaline salts . . . 3*06 3*14 204 > ^^'^® 

Insoluble earthy matters 26*84 62*23 40*13 26*43 

100*00 100*00 100*00 10*000 

*Containing nitrogen . *28 *6l *68 -68 

Equal to ammonia . . *34 *74 *83 *77 

No. 1 was analysed with several others for the 
Milbome Farmers^ Club, It was called a turnip 
manure and sold at £7. per ton — ^its real value being 
about £2. 10^. This analysis affords an instance of 
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the kiDd of inferior maiiure above mentioned which 
may pass muster as a fair manure^ since it contains 
quite enough fertilizing material to make some show 
on the crop, and it is quite possible for a farmer to rest 
under the impression that he is getting fair value for 
his money. Yet here is a yearly loss of £4. lO^ per 
ton, and if all manures were like this, we might well 
cry out against the profits of the makers. Makers oi 
such manures are often as ignorant of their real value 
as the farmers they supply, and prepare them in the 
most unscientific and uneconomical manner, and yet 
may fully believe they are supplying a really good 
article at a fair price. The evil however is of course 
none the less on this account, nor in less need of 
alteration. 

No. 2 is a curiosity in the way of superphosphates 
so-called, as it will be seen to contain traces only of 
soluble phosphates and not much insoluble, and more 
than half its weight of sand. It was analysed 
amongst several others for the Newbury Farmers' 
Club. I was not informed the price at which it was 
sold, but as its value is at the most not more than 
twenty shillings per ton there would doubtless be a 
heavy loss upon it, and in these cases where little or 
no manurial effect can be expected, the loss of crop is 
often as serious as the loss of the money paid for them. 

No. 3 is somewhat similar to the foregoing but it 
had a dark colour and very strong smell, a point which 
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is generaJly suspicions in sach articles, but supposed 
to have virtue in attracting the unwary. This sample 
will be seen to have 40 per cent, of sand^ and little 
else of any value. It was sold at £5. per ton^ its value 
being about 15^'; this sample was analysed by me for 
the Dorchester Farmers' Club. No. 4 was sent from 
the neighbourhood of Norwich, and is worth only 25« 
to 30« per ton. 

Another sample, the analysis of which is not to 
hand, was one of the high-priced articles before 
adverted to, being but little under Peruvian guano. 
It consisted chiefly of worthless alkaline salts, earthy 
matter, and sulphate of iron, with traces only of phos- 
phates and ammonia. In this case payment for more 
than its value, as shown by my analysis, was refused ; 
the sellers thereupon threatening an action-at-law for 
the balance, but which was abandoned as soon as they 
found the buyer was not frightened thereby. In 
cases like this a buyer does good service by exposing 
such a fraud, especially to his brother farmers of small 
means who are generally the greatest sufferers through 
these adulterated manures. Other samples of adulte- 
rated nitrate of soda will be found under that head- 
ing, this article, from its high price and easy admixture 
with common salt, being very commonly selected as 
the medium of fraud by adulteration. 

Against adulterated or inferior manures, buyers have 
entire protection — 1st, by dealing only with persons of 
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respectability and standings and baying a guarantee as 
to quality; and 2ndly^ by baying tbe bnlk deliyered 
analysed^ or at least tested for tbe cbief constituents^ 
by a competent cbemist. Tbis can be done at small 
cost^ especially if a few neigbbours act in concert^ and 
to grudge the cost of an occasional analysis is yery 
false economy indeed, as it is frequently tbe means of 
saying as many pounds as it costs shillings or eyen 
pence. 

Eyen in tbe case of manures supplied by respect- 
able firms tbe bulks deliyered are not always quite up 
to tbe guarantee, either tbrougb some accident arising 
from a pressure of business, or from tbe difficulty of 
getting mixed manures uniform throughout tbe entire 
bulk ; in which case a bona fide cause of complaint is 
always entertained, and such complaint is only a reason- 
able proceeding before assuming that we haye been 
cheated. 
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CHAPTER V. 

VALUING MANURES. 

Although I do not approve of the practice of 
chemists attacliing their valuation to their analyses 
unsolicited^ and do not do so myself unless specially 
requested, since chemists, however able, cannot be 
allowed to be the best judges of commercial questions 
of this kind, yet it is at times unavoidable and neces- 
sary for them to fix a money value to the samples they 
analyse, and it is very desirable for aU parties that in 
such cases the valuation should be just and reasonable. 
As buyers and sellers also frequently desire to have 
some means of ascertaining approximately for them- 
selves the relative values of two or more samples of 
which they have the analysis, I prepared a scale of 
prices for the principal constituents of manures some 
time since, and which has been widely adopted. I 
have now modified this scale, so as to render it gene- 
rally suitable for the present time under the circum- 
stances mentioned, and as any scale of this kind must 
needs be more useful for comparative purposes than 
for arriving at the actual commercial value of a sample, 
strict accuracy is not needed nor intended. It would 
obviously be impossible to devise any scale which 
would give correct results in all cases, since to begin 
with we should want a separate price for every source 
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of the principal constituents, and we shoold stQl have 
to meet the difficulty of findin? out how much came 
from one source anfhow much from anotiier-points 
on whicli the ordinary results of analysis throw no 
light. As well known, however, the sources of the 
constituents of a manure have much to do with its 
practical efficiency, especially in the case of the most 
costly item, viz., ammonia or nitrogen, which, as well 
known, may exist in a form not' only useless, but posi- 
tively injurious. These points can, of course, only be 
ascertained with certainty by a ckemist sufficiently 
experienced in such matters on making the analysis, 
and he can only say in such cases what he considers a 
fair value for the sample. In the great majority of 
cases, however, any one can obtain a good idea of the 
money value of a sample from its analysis and inspec- 
tion, by means of the following table, which is based 
on a careful consideration and comparison of the com- 
position and prices of the good samples in the market. 
After due consideration it is thought best to have 
two prices for soluble phosphate, one in the form of 
good dissolved bone manures, and another for mineral 
superphosphates, even though the soluble phosphate in 
the former may be derived in part from a mineral 
source. From the greater difficulty and cost of 
dealing with bones and getting them into a saleable 
condition, which is augmented in proportion as they 
are of higher quality, the above course is unavoidable 
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without going wrong on one side or the other^ since the 
price at which ordinary soluble phosphates from 
minerals can be produced^ would be obviously unre- 
munerative for the better class of bone-manures. 
Some persons may say it ought to be made at the 
same price^ but this is a point which may now be con- 
sidered as settled by the laws of supply and demand. 
If buyers want a really good dissolved bone they must 
pay the market price for it^ which^ it may be taken^ is 
the lowest price at which it can be made^ since there is 
no lack of competition in the trade. 

The circumstances under which manures are sold 
must also be imderstood in quoting or comparing their 
money-value ; thus a price on which the buyer has to 
pay carriage cannot be compared with one in which 
this item is included : or if the buyer does not pay for 
a twelvemonth or longer after they are bought^ he cannot 
compare his prices with those for ready-money or even 
prepayment. The following scale is intended to apply 
to the purchase of manures under the circumstances 
usually prevailing in agricultural districts^ where they 
are supplied in bags and carriage paid and credit given. 
When bought in quantities^ in bulk^ for ready-money^ 
or fetched from the works^ of course a lower scale 
would apply. 

Again^ the physical characters or ''condition*' of 
manures must be taken into account in estimating their 
money-value. Those in which this matter is specially 
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attended to (and it is one in every way worthy of 
attention) are obviously worth more than those in 
which it is neglected^ or even comparatively so. As a 
variety of circumstances also aEEect the prices in par- 
ticular districts, it will doubtless be found that the 
following scale will give values a little over the market 
price in some districts and under in others, a fair 
general average being aimed at. 

At the following prices for the phosphates and 
nitrogen, the gypsum, organic matter, &c., may be 
left out of consideration (except potash), although they 
possess a small but definite value. 

Scale of prices per unit for :— 

Soluble phosphate 4 6 

Ditto in mineral snperphosphates ... 4 

Precipitated phosphate 3 6 

Insoluble phosphate, as bone, or from guano . 2 6 

Insoluble mineral phosphate up to 7 per cent. . I 

Potash, sulphate 3 6 

Ammonia* 18 

* Now advanced to 208, see few pages hence. 

An example or two will render the use of this scale 
dear. We may take a high-class dissolved bone- 
manure and a mineral superphosphate of good quality. 
These will have about : — 

Dissolyed bone. Mineral superphosphate. 
Soluble phosphate .20 — 22 25 -— 27 

Precipitated phosphate . 2 — 3 traces 

Insoluble phosphate as bone 10 •— 12 (mineral 6 — 7 

Ammonia . . 1*60 — 1*76 traces 
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This composition in round numbers may be taken as 
fair examples of the kind named^ but many samples 
will be found over and some under^- although the 
market price may be the same^ — ^it being convenient in 
practice to state a fixed price without regard to small 
variations when within given limits. The mean of the 
dissolved bones will be :^ 

8, d. 

21 units soluble phosphate . . at 4/6 =: 94 6 

2} „ precipitate phosphate at 3/6 z= 8 9 

11 „ bone phosphate . at 2/6 = 27 6 

1*62 n ammonia. ... at 18/- =z 29 

(Any Fraction under 3d may be omitted.) 

£7. 19s 9d. 169 9 

The mean of the mineral superphosphate will be : — 

8. d. 
26 units soluble phosphate . . at 4/- ^ 104 

6 ,1 insoluble mineral phosphate at 1/- = 6 

£5. 10s 0(2. 110 

In freshly made samples the precipitated phosphate 
is comparatively unimportant, and may be passed over 
without serious detriment ; but in longer made sam- 
ples, such as in the case of dissolved bones are un- 
avoidably occurring in commerce, it is often a matter 
of importance; and its omission is especiaUy hard 
upon the better qualities, which, for reasons I have 
explained on former occasions, are particularly liable to 
the conversion of their soluble phosphate into precipi- 
tated phosphate through the action of animal matter 
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and the nndissolved bone. Sec,, and which cannot be 

prevented by any known means. Hence a sample 

which has been kept some months^ and is practically as 

good (or perhaps better, since there is less free acid) 

as when freshly made and f onnd to analyse up to the 

desired standard, may, if now analysed and valued 

without regard to the soluble phosphate so reduced, 

be estimated at a price quite inadequate to its value. 

Thus, if we take the example of dissolved bones before 

calculated, and suppose it to have become thus changed 

as under, a rather extreme case perhaps, but by no 

means uncommon, say :— 

Soluble phosphate 17 

Precipitated phosphate 6} 

Insolable phosphate 11 

Ammonia 1*62 

Its valuation would be according to above scale : — 

8, d. 
17 units soluble phosphate . . at 4/6 =: 76 6 

6j^ „ precipitated phosphate . at 3/6 z= 22 9 

11 „ insoluble phosphate . at 2/6 = 27 6 

1*62 ,» ammonia ... at 18/- =z 29 

£7. Us 9(2. 155 9 

On the other hand, if the precipitated phosphate be 

discarded, we have : — 

8. d. 
17 units solable phosphate . . at 4/6 =: 76 6 

17^ „ insoluble phosphate . at 2/6 = 43 9 

1*62 M ammonia ... at 18/- := 29 

£7. 98 3(2. 149 3 
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Thus oyer and above the natural deterioration by 
keeping consequent on the different commercial value 
between soluble phosphate and precipitated phosphate^ 
and amounting in this instance to 4i8 per ton^ we have 
also a further loss of 6« 6d through a defective mode 
of analysis. It will be noted that this supposed sample 
is of superior quality and its price high : the average 
will be under this, and the price consequently less able 
to bear reduction from this cause. 

Mineral superphosphates are less liable to deterio- 
ration from this cause, as by a judicious selection of 
raw materials it ican to a great extent be avoided — ^yet, 
under certain drcnmstances, as by long keeping, a 
material loss may here also accrue. 

It may be added that the formation of precipitated 
phosphate is admitted by all who have any experience 
of the subject, and is now determined by more che- 
mists than formerly, especially on the Continent ; yet 
there is and has been great hostility shown towards its 
recognition in some quarters, for reasons which need 
not be entered upon here ; suffice it to say, that while 
some pooh-pooh it altogether, others assume to have 
proved that untrustworthiness of the means suggested 
for its approximate determination, by trials in which 
the conditions of success have been obviously omitted. 

The identification of this form of phosphate being 
thus often a matter of importance, I now give its ap- 
proximate amount when so requested; at the same 



91 

time I should plainly state that I consider it distinct 
from soluble phosphate, and when a definite percentage 
of the latter is bargained for, it cannot properly be 
included unless the contract is ip that efEect. 

Nevertheless, as manu&ctnrers do not appear dis- 
posed to press their rights on this point, some modifi- 
cation of the foregoing scale is necessary to render it 
generally useful and applicable in those cases in which 
the precipitated phosphate is not shown, either from 
the refusal on the part of the analyst to recognize it, 
or from a simpler and less complete analysis only being 
desired. In the latter case I can generally form an 
opinion from the appearance of the sample while un- 
dergoing examination as to whether the precipitated 
phosphate is much or little. I therefore propose to 
take the whole of the insoluble phosphates, in the case 
of well-made bone manures, at is 9d per unit, which 
* will b© found to bring the value pretty near to that 
obtained as above, the only dij£culty being in deciding 
whether a particnkr sample is worthy of being thus 
classed. This may be judged — 1st. By its appearance 
as to colour, smell, and the amount of visible bone 
fragments present ; these are most effective when of 
moderate size and friable, that is capable of being 
easily crumbled. 2nd. By the proportion of ammonia 
which, as a rule, indicates the proportion of bone 
present : thus a sample with less than half a unit of 
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ammonia can only contain a small proportion of bone^ 

and the small proportion of ammonia often present in 

mineral snperphospliates (derived from tlie acid) does 

not necessarily indicate bone. From lialf to one unit 

would indicate a good proportion of bone, while the 

best would contain, as above pointed out, 1^, If, or 

even 2 per cent, of ammonia. It is true this may be 

supplied from other sources, but if, as more commonly 

the case, it is from animal matter, or sulphate of 

ammonia, this is no detriment, and the rule is fairly 

applicable. A trial of this plan on the example abeady 

taken will afford a comparison, thus — 

8. d. 
21 imits solable phosphate . . at 4/6 =: 94 6 

13} ,, insolable phosphate . at 2/9 zz 37 

1-62 „ ammonia ... at 18/- =z 29 



£8. Os ed, .160 6 



Or for the same sample after alteration by keeping : 

9> d, 

17 miits solable phosphate . . at 4/6 zz 76 6 

17} „ insolnble phosphate . at 2/9 =z 48 

1-62,, ammonia ... at 18/- =i 29 



£7. 133 6(2. 153 6 

Thus we perceive that this plan agrees closely with 
the former standard in ordinary samples, but comes 
under the valuation obtained by the separate determi- 
nation of precipitated phosphates in the case of sam- 
ples rich in this constituent. In adopting this plan 
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care must be taken tliat the insolable phospliate does 
not contain nndue proportion of nndecomposed phos- 
phate other than bone^ as frequently occurs in the 
lower qualities of bone manures. On this point a few 
more words are perhaps necessary. We have seen that 
the percentage of ammonia is a general indication of 
the proportion of bone, this may be more explicitly 
stated thus : 1 per cent, of ammonia may be taken to 
indicate about 10 to 12 per cent, of bone phosphate, 
and so in proportion, a percentage of ammonia equal 
to that in the foregoing example will indicate more 
than su£Scient bone for the whole of the insoluble 
phosphate, although some of it may be amongst that 
decomposed by acid. 

As regards the proportion of the precipitated phos- 
j^liato, it may be taken that, except in the case of high- 
class dissolved bones which have been made some time, 
it is not likely to exceed 2 to 3 per cent, in ordinary 
cases. 

Although intended more especially for manufactured 
and special manures, we may now try this scale on 
Peruvian guano, and so test its approximative correct- 
ness, or at least ascertain whether its prices are well 
within those applying to this manure, which being 
under the control of one Firm, and sold at one price 
throughout the country (except so far as affected by 
cost of carriage), may be taken as a fair standard. 
Peruvian guano may at present be taken to average 
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about* 11 per cent, of ammonia and 28 of phosphate of 

lime^ although many samples are under this and some 

over — ^its extreme uncertainty being at present the 

chief objection connected with this valuable manure. 

Hence : — 

8. d. 

28 units gaano phosphate . . at 2/6 r= 70 

11 ,t ammonia ... at 18/- r= 198 



£13. 8« 0(2. 268 

This valuation is thus considerably below the present 
price to retail buyers under the circumstances apply- 
ing to this scale. 

The foregoing pages are reprinted verbatim from 
the paper issued by me last year, which it is thought 
best to leave unaltered, and by the reception of which I 
have been much gratified, it having met the approval 
generally of both buyers and sellers, and been very 
favourably recommended by the Press, as supplying a 
want often felt, in a satisfactory manner. The diflSlculty 
has always been to fix a price for soluble phosphates snf- 
ficiently high to give a fair value for the better class of 
manure, while not too high for dissolved mineral phos- 
phates merely. This difficulty appears to me insur- 
mountable, except by the expedient I have adopted of 
two prices for it in these two forms, as in my scale, 
and which so far as I am aware has not been adopted 

* This is rather above the present average for ammonia. 
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before. I slioiild add that^ except in the case of a 
constituenl) in two well-marked and easily distin- 
gnished conditions, it is not desirable to admit the 
principle of dififerent prices for different sources of the 
same constituent, as it would be likely to lead to end- 
less concision. 

As the prices of raw materials have not materially 
altered since last year, except in the case of ammonia, 
which has advanced, I think it advisable to retain the 
prices of the phosphates, &c., unchanged, and to 
advance the price per unit for ammonia from 18f to 
20a ; so that the scale will now stand as under. 

Peicb per unit foe :- 



8, d. 

Soluble phosphate 4 6 

Ditto in mineral saperphosphatee ... 4 

Precipitated phosphates 3 6 

loflolnble phosphate, as bone or from guano . 2 6 

Insoluble minml phosphate, up to 7 per cent. . 1 

Potash, sulphate 3 6 

Ammonia 20 

Insoluble phosphate in good dissolyed bones } o q 
(when precipitated phosphate is not given) 5 

With reference to the complaint sometimes made by 
manufacturers against the unjust valuation of their 
manures by chemists, I think such complaint is on the 

* It will be remembered that the aboye prices are intended to apply 
to the purchase of manures under the circumstances usually prevailing 
in agricultural districts, where they are supplied in bags, carriage pa|d 
and credit given. When bought in quantities, in bulk, for ready money, 
or fetched from the works, of course a lower scale would apply. 
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whole well founded, seeing it is unfortunately true that 
many chemists either do not take sufficient care to 
acquaint themselves with the yarious practical details 
of the manufacture which are items of cost, or for 
other reasons, appear to be unconscious of or ludiflFe- 
rent to the importance of the matter to those con- 
cerned. In fact it would seem, from cases that have 
from time to time come under my notice, that there are 
some chemists who affix their values in an arbitrary 
manner, which is quite unreasonable, and which it would 
be impossible for them to substantiate if put to the 
proof. This is much to be regretted, as it is of course 
calculated to bring the whole thing into discredit, and 
in which of course aU must suflfer. 

It is true farmers should by this time know enough 
of the subject to avoid being misled in this manner, 
and to be able to judge of a manure from its analysis 
on its own merits, and which some doubtless do, but 
there are still many farmers who know very little about 
analysis, and who rightly or wrongly look upon the 
chemist^s valuation as the key thereto, without which 
it is to them of no service, and in many cases will not 
accept it without. 

It is for this reason that it is useless to say chemists 
ought not to give the valuation at all of samples sub- 
mitted to them for analysis. For my own part I never 
do so unless specially requested (and then for private 
guidance only), but if I were then to refuse, it would 
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simply be sent to some one else, who might be less 
competent to do so. In such cases, therefore, I supply 
the valuation as requested, taking as a basis the scale 
aboVe given, but also at times modifying it somewhat 
according to the sources of the constituents, condition 
of sample, &c. Ify valuations thus arrived at have, I 
am happy to say, been accepted in numerous cases as 
perfectly satisfactory to all parties. 

I am therefore of opinion that what is needed is not 
so much the non-valuation of manures by chemists 
(although for the reasons pointed out at starting, they 
ought not to be expected to give it) as that they should 
give when they do so, a valuation that is just to all 
parties and approximately correct under the circum- 
stances attaching to the sale of the manure, which it is 
very important should be understood. 

It will be seen that this plan of taking a fixed price 
per unit is even simpler than the older plan of taking 
so much per ton for each constituent of 100 tons. For 
the sake of comparison, the following scale and exam- 
ple may be quoted, as published by me somie years 
since, and which represents the prices used by the best 
authorities and myself at the time : it will be seen to 
be too high* in the phosphates and too low in the 
ammonia for the present market prices. The example 
also illustrates the improvement made of late years in 
the composition of phosphatic manures : this being 
then considered a good superphosphate. 

7 



£30 
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" By a carefal consideration of the prices at which 
the different constituents of artificial manures can be 
parchased separately^ or in other forms, we arrive at 
the money- value of a ton, or any other given quantity, 
of each particular constituent, and can now calculate 
the value of the quantity present or in any given 
quantity of superphosphate. The prices above adopted 
are as follows : — 

Soluble phosphate (phosphate rendered soluble) 
Inwlnble phosphate of lime (in form of bone) 
Ammonia ....... 

Gypsnm (sulphate of lime) .... 

Organic matter 

Alkaline salts (salts of soda) .... 

'' Earthy or sandy matter and water are generally left 
out of consideration, but when the amount of either of 
these constituents is^ abnormal, as in adulterated or 
very badly prepared samples, a reduction has to be 
made in the total value for the cost of carriage of this 
useless material. 

''The calculation is most conveniently made by taking 
the analysis (as stated in 100 parts) to represent 100 
tons of the manure, and multiply the amount of each 
constituent by its own price per ton — the result gives 
the value of the quantity of this item present, and the 
total of these sums, the entire value of the 100 tons, 
and this divided by 100 gives the value per ton. An 
example will render this clear :«— 
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Water . . . 20-53 
'('Organic matter 14*76 tons at £1 

Bi-^phosphate p£ lime 10*31 
Equal to bone-earth (16*09) 
Insoluble phosphate 17*72 
Gypsum . '. 28*39 
Alkaline salts . 1*56 
Insoluble earthy matter 6*73 

100*00, 

'''Containing nitrogen ,.Qg 
(equal to ammonia) 



14*76 



>iN£:& 



) „ 


30 


. 482*70 \ 


ft 


10 


. 177-20 \ 


»» 


1 


. 28*39 


» 


1 


. 1*56 
704*61 


»> 


60 


. 63*60 

768*21 per 100 tons, 
or 


£7. 138 7(2. 


7*68 per ton." 



*/, 



^/J 



'«ift^ 






Finally, it should be added that however, or by 
whomsoever, valued, too much importance should not 
be attached to small differences when manures are 
analysed one against the other even by competent 
chemists ; since the chemist can of course only judge 
from the sample submitted to him, and as well known 
by those who have had experience in the matter, great 
care and some special knowledge is requisite to divide 
samples properly, and from the neglect of -which, a 
good manure may possibly be* brought into discredit. 
When two or more samples are taken at one time too 
much care cannot be taken to avoid getting them con- 
fused as to numbers or marks. 

A word as to sampling manures may not perhaps 
here be out of place, as although the matter is now 
pretty well understood by buyers and sellers accus- 

7* 
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tomed to deal by analysis^ it is often strange to farmers. 
The following directions are wliat I have had printed 
on all my papers used for public circulation^ &c.^ and 
cannot be too widely known. 

^' In taking samples of manure^ &g., several portions 
should be taken from different parts of the bulk, or 
from difEerent bags, and the whole thoroughly mixed, 
and all lumps chopped down with a table knife on a 
clean sheet of paper. Smaller portions should then be 
collected from this in the same manner, until a 
manageable quantity is obtained, of which 2 ozs. to 
4 ozB. is amply suflScient to send for analysis. Large 
samples may be divided in the same manner. 

^' I would beg to direct the attention of those who do 
not already adopt the practice, to the advantages of 
the present Postal Bate for Sample Packets, which can 
now be sent (sealed or unsealed) at much less cost than 
by Rail or Parcels Delivery, and by which a great 
saving of time is effected — the samples being thus 
delivered with the advice, and all second charges by 
carriers avoided. The cost is 2d only, under 4 ozs. 
which is sufficient to send if pi'operly taken from the 
bulk; and it should be remembered that a larger 
sample does not dispense with care in this particular. 
Tin or wooden sample boxes can be so sent, but paper 
(two or three wrappers) is generally sufficient. Cakes 
should be sent in unbroken pieces of the above 
weights. All packets should be marked on the out- 
side to allow of identification.'^ 



CHAPTER VI. 

USING MANURES. 

The commonly received rule, of nitrogenous or ammo- 
niacal manures for cereals, and phosphatic manures for 
roots and green crops, is, like many other rules, only 
broadly applicable, since it is now beginning to be 
recognized that a free use of available phosphates a& 
well as nitrogen is the best treatment for the former, 
while a judicious addition of nitrogen to the soluble 
and other phosphates applied to roots, is found to be the 
most profitable procedure. Hence all that this rule 
amounts to is that we may use more nitrogen and less 
phosphates for cereals, and more phosphates and less 
nitrogen for roots. Thus Peruvian guano, which is 
usually placed at the head of ammoniacal or cereal 
manures, contains 25 to 30 per cent, of phosphate of 
lime (most of which is in the chemically divided or 
precipitated state, and therefore decomposable by 
oxalates, as pointed out by Liebig), besides 3 to 5 per 
cent, of alkaline (soluble phosphates), and to which 
much of its efficiency is known to be due; while 
dissolved bones, containing 1^ to If per cent, of 
ammonia, is the most eflFective manure for roots, or 
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when mineral snperphospliate only is employed, a 
dressing (the heavier the better) of farm-yard manure 
is added if possible. 

The character of the soil is, as is well known, an im- 
portant element to be taken into account in the choice 
and application of manures. The general difference 
between strong and light soils may be taken to be that 
the former contains a larger store of the natural ele- 
ments of fertility, though for the most part in an 
undeveloped state, while from an excess of clay the 
physical property of retentiveness and its consequent 
drawbacks are too prominent ; while light soils, on the 
other hand, are comparatively deficient in natural 
resources, and by reason of a deficiency of clay, pos- 
sess the property of porosity in a too great degree, 
and hence afford a too ready passage for water and 
other bodies necessary to vegetable growth. 

On stiff clay soils we have all the defects arising 
from the tenacious and plastic properties of 
clay, and its consequent imperviousness to water, 
hence the first necessity towards the improvement of 
such soils is thorough drainage, in order to remove the 
excess of water, and without which the best manures 
will have but a meagre effect. All means of adding 
to the porosity of such soils are to be recommended* — 
one of the best of which is burning in heaps with 
vegetable refuse, or small coal or breeze, in the 
manner '^ ballast^' is burnt, and which, spread over 
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the land before ploughing, has an excellent effect 
in lightening the soil. It is of coarse on these soils 
that steam cultivation is of such especial value since it 
allows of a thorough breaking up and stirring at favour- 
able times, particularly before frost, which, properly 
assisted^ does more for strong clay soils than almost 
anything else. In fact, cultivation on such soils must 
always be the primary resource for advancing their 
fertility — ^but supplemented^ of course^ by a judicious 
selection and application of manures. 

On strong clay soils nothing can be better 'than the 
free use of nitrogenous manures^ and although such 
use may entail a considerable outlay^ it will in the 
great majority of cases yield a good return, proper 
care being taken that manurial worth is obtained for 
the money expended, and that it is applied in the 
manner best calculated to afford the best result which 
the character of the season will admit of. We are all 
negligent at times, and farmers often lose a valuable 
opportunity of assisting the crops at the right time 
through being too late in providing themselves with the 
requisite manure. As above hinted, a more extended 
use of phosphates in conjunction with nitrogen for com 
crops on such soils is found beneficial ; and I should 
advise a mixture of superphosphate with nitrate of 
soda (which is a purely nitrogenous manure) whenever 
this manure is used, and as it may be used in part sub- 
stitution, there would of course be a saving of cost as 
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well as better practical result. Nitrate of soda has 
been very extensively employed of late in consequence 
of its comparatively moderate price; but it should 
always be remembered that it is a stimulant merely ; 
it supplies nothing to the crop but nitrogen, and there- 
fore differs very materiaUy from Peruvian gaano, as 
above pointed out. It should also be remembered 
that if not taken up by the crop to which it is applied, 
it is not likely to remain over for the subsequent 
crops, as is the case with guano and most other manures. 
This is because the soil possesses no power of absorbing 
nitrates which are washed out by rain into the drain- 
age as already mentioned. It may be added that this 
leads to ^a constant waste of nitrogen from other 
sources, which is constantly being converted into 
nitrates by the action of the soil, especially on 
" hungry " soils, which derive little benefit from the 
manure applied. For the same reason it is a mistake 
to put nitrates in corn manures intended for autumn 
sowing — although a small dressing of dissolved bones 
at this time, when nitrate is intended to be used in the 
spring, has an excellent effect. I should say ith to 
Jth superphosphate to ^ths to Jths nitrate, using the 
mixture at the same rate as nitrate is usually employed 
alone : there is no objection to using salt as well if 
preferred. Nitrate and superphosphate may be mixed 
without injury if the latter is moderately dry and 
without much free acid, otherwise it must first be 
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mixed with a little gypsam or fine ashes before the 
nitrate is added, or there is a possibiKty of loss through 
the decomposition of the nitrate. This, however, 
seldom happens, as many of the best special corn 
manures in the market contain nitrate as well as much 
soluble phosphate, and which, by the way, gives much 
additional trouble to the analyst, for the reason before 
mentioned. 

Clay soils differ widely as to the natural resources 
of fertilizing elements they are capable of yielding, 
and consequently as to the course of management that 
should most profitably be pursued in their manage- 
ment. This is one of the problems which can be 
solved by analysis; and numerous cases have come 
before me of substantial benefit being derived from 
an analysis or partiai analysis of soils. 

In sandy soils, on the other hand, we find all the 
defects arising from an extreme porosity, or in other 
words an absence of retentiveness consequent on the 
paucity or absence of clay, which is the chief store- 
house, so to speak, not only of the moisture of the soil, 
but also of the plant food, either artificially added or 
derived from natural sources, and from which the roots 
of the plants draw their supplies as required. An 
addition of clay in such cases, where practicable, is of 
great service, care being taken to ensure as far as 
possible its even -distribution by drying and pul- 
verizing, otherwise it remains in clods long after 
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application. The retentiveneBs of sucli soils may he 
enhanced by green manuring, which is an excellent 
resource in many such cases, and deserves to be more 
extensively adopted, as we thereby obtain a clear gain 
of nitrogen from natural sources, and at the same time 
gather up and preserve any nitrates present in the soil,, 
in a staple and efficient form ; while the humous com- 
pounds arising from the decay of the vegetable matter 
afford an absorbent for moisture, &c., in the same 
manner as clay. Phosphates supplied to such crops are 
well expended, since they are returned and preserved 
for future use in the soil in a shape highly favourable 
for the nutrition of foUowing crops. Where it is not 
practicable, or thought advisable to devote the whole of 
the crop to manure, we may adopt the principle to 
Bome extent by leaving over as much as can possibly 
be spared for ploughing in. That vegetable matter in 
a readily decomposable state is a valuable form of 
manure is shown by the character of the wheat crop 
following a clover lea: where the clover has been 
successful, the wheat as well known generally corre- 
sponds, and vice versa, I am disposed to think that 
organic matter or vegetable remains in the soil, have 
been undervalued of late in a chemical point of view^ 
and that the amount of such organic matter present, 
coupled with the amount of available nitrogen it con- 
tains, may be taken as a good indication to the state of 
fertility of the soil. Clover is a particularly valuable crop 
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in this respect where it can be grown, as in consequence 
of its large development of root, it affords a clear gain 
of nitrogenous organic matter to the soil, apart from 
its produce above ground. 

The leaves and refuse of all green crops not con- 
sumed as food should be carefully returned to the 
land, as they are rich in manurial elements in the best 
possible state for future use when prepared by decay 
in the soil, and shoi^d moreover be evenly distributed 
over the field before ploughing in : the neglect of this 
is often shown in a crop of com following roots, in 
which regular patches mark the spots where the leaves, 
&c., had been thrown in preparing the roots for stock, 
and which receive an excess of nitrogen, &c., at the 
expense of the crop genei-ally. We may take it as a 
general maxim not to bum any refuse that will rot in 
the soil (except in the case of foul turf infested with 
insects, or seeding weeds, &c.) since by so doing we 
lose the nitrogen and organic matter, besides rendering 
the ash-constituents less avaUable by mineralizing 
them. , 

Lest the foregoing remarks respecting green 
manuring may be thought to be at variance with the 
maxim that we should never use as manure what can 
first be used as food, it may be added that under 
exceptional circumstances, as in the case of the light 
sandy soils under notice, vegetable produce may be 
more valuable as manure than as food, by conducing to 



108 

a physical improvement of the soil, and consequently 
to a higher degree of fertility. 

On sandy soils nitrates should be especially avoided, 
on account of their ready removal by rain in the 
manner before noticed. Ammoniacal salts also should 
be only sparingly employed, the best form of nitrogen 
in such cases being nitrogenized organic matter, 
especially as it occurs in a well-made dissolved bone 
manure, than which there is no better dressing for 
soils of this description. Crushed bones alone are 
often employed with advantage, but the former I con- 
sider are preferable, those with a higher proportion of 
bone, than for ordinary use, being suitable. Bape dust 
is also a good source of nitrogen for such soils ; also 
dried fish or other animal matter containing nitrogen 
in a form not easily wasted through the non-retentive- 
ness of the soil. 

Bape dust is also a valuable manure for general use, 
and when of good quality, that is, containing 5 to 6 
per cent, of ammonia (nitrogen equal to), one of the 
cheapest. Any kind of rape cake which from an 
excess of mustard or other reason is unfit for feeding, 
can be used for this purpose. For moderately light 
soils a mixture of equal parts of rape dust, super- 
phosphate, and guano is an excellent com manure : or 
for spring use nitrate of soda may be substituted for 
the guano. Damaged cotton cakes are also at times 
procurable at a fair price, and are equally serviceable 
as rape cake. 
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The foUowing analyses, with reports thereon for 
supplying the information sought to be obtained 
respecting these particular soils, may here be quoted 
in illustration of the foregoing remarks : — 

Composition op a Sandy Soil. 
In air-dry state : — 

Moistnre 1*30 

Organic matter and water of oombination . . 6*13 
Oxide of iron and alumina with traces only of 

phosphates 6*24 

Carbonate of lime 2*93 

Magnesia and a little potash . . . 1-60 

Silica and insoluble silicates .... 82*80 

100*00 

'' This soil is of a poor sandy character, and could 
not by any application of manure at once be rendered 
very fertile. I should recommend for com crops a 
mixture of dissolved bone, rape dust, and kanite — say, 
2 parts of each of the first to 1 part of the latter. The 
dissolved bone for this purpose should be of the best 
description, that is, containing animal matter as well as 
bone, so as to yield at least If to 2 per cent, of 
ammonia with not less than 20 of soluble phos- 
phate — 13 to 14 of insoluble phosphates. A light 
top dressing of nitrate might also be used if neces- 
sary. I believe root crops and seeds could be grown 
with better success on this and similar soils if 
more liberally manured — say, with a dissolved bone as 
above, and not sparingly applied. This would gra- 
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dually increase the fertility of the soil for corn. Soils 
of this kind are frequently also deficient in lime^ in 
which case its application is desirable. In the present 
case sufficient lime is present^ although it occurs in 
isolated portions, and would be better if more nni- 
formly diffused." 

The above is an example of a partial analysis of a 
soil^ and can be had at a comparatiyely small cost. 
The following complete analysis, with extracts from 
report, is selected as a good example of a strong clay 
soil (with which is also shown a peaty soil), made with 
several others, of soils from the West Indies, and 
although the report refers to colonial crops, the 
remarks apply substantially to soils of the same cha- 
racter in this country. 

Composition of a Stbong Clay Soil and Peaty Soil. 



Moisture 

Organic matter and water of combi- 
nation 

Oxide of iron and alumina, with phos- 
phoric acid equal to phosphate of 
lime '12 

Lime 

Sulphuric acid 

Magnesia 

Potash 

Soda ./ . . . . 

Silica and insoluble silicates 



No. 9. 
1*24 


No. 8. 
Peaty Soil. 

4-17 


513 


71-32 


10-32 


4-43 


• • • 


•04 ... 


Traces 
•25 


6-70 
Traces 


•37 


-34 


•40 


•26 


Traces 


•12 


82-30 


12-66 



100-00 10000 
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The great defects in these soils generally is a too 
adhesive character consequent on a superabundance of 
clay and a deficiency of lime. The proportion of this 
body in the best of these soils is lower than should be 
present in a really fertile soil, while in the majority it 
is unusually low, and in many cases so little as to be 
inappreciable to the most delicate chemical balance. 
Its addition in * all these cases would therefore be 
desirable, and this may be done by the use of any kind 
of calcareous material that can most readily be 
obtained, such as shell sand, limestone rock,, coral rock, 
marl, &c., all of which contain lime in the form of 
carbonate. These materials would also have a further 
beneficial, efiect in adding to the porosity of these 
soils, sand especially, freely applied, being likely to 
exercise a marked influence as a mechanical manure ; 
also ashes of any kind. 

'^ If none of the above calcareous materials can be 
advantageously obtained, the use of real or caustic 
lime (as used for building purposes) may be advised. 
This should be placed on the land in heaps and allowed 
to slake spontaneously, that is, become hydrated by 
absorbing water from the air by which it falls into fine 
powder, in which condition it can be evenly distributed 
over the land. In using lime in this manner, one 
precaution must be especially observed, viz., to allow a 
sufficient time to elapse between its application and 
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that of any ammoniacal manures^ sacli as above advised ; 
since^ if this be neglected^ much of the ammonia may 
be lost^ lime having the property of decomposing all 
sUts of ammonia; at least six months' interval should 

p be allowed. In using lime in this manner^ I should 
advise its application in a few experimental plots 
before going to any great expense in importing it 
largely. I may add^ that the sample of peaty soil^ 
A. No. 8, if procurable in quantity, is well suited to 
be used as a source of lime, either in its natural state, 
or if burned, in the former condition its organic matter 
would also materially benefit many of these soils in 
which this constituent is wanting. 

'^ As regards the adhesive character of these soils, any 
treatment which tends to reduce this property may be 
employed with advantage, as above mentioned, and as 
about to be suggested. From the want of porosity and 
friability in these soils, the air and moisture is pre- 
vented from circulating through them, and hence the 

. natural processes of preparing the elements of fertility 
for the food of plants, which are dependent on this 
action, are but feebly exercised. 

'^ For improvement in this particular, I think the use 
of burnt clay worthy of trial. It should be burnt at a 
low temperature, in heaps, in the manner of burning 
'ballast' for railways, or by means of small coal, or 
'breeze' as it is termed. Any kind of vegetable 
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refuse would answer the purpose, if procurable in 
quantity. The clay thus burnt has lost its plasticity, 
or no longer becomes tenacious by water, and is thus 
well adapted for admixture with the natural soil for 
the above purpose, while at the same time it acts as a 
gentle manure, the processes of decomposition of its 
dormant constituents haviag been accelerated by the 
fire. 

'' It might also, perhaps, be worth a trial to apply the 
crushed cane, cut in short lengths, to the land with the 
above object. I make this suggestion in view of the 
fact that one of the chief points of value in farmyard 
dung for clay land is the mechanical effect of the 
straw, which is found to bo more effective when thus 
ploughed in, in its fresh state, than when rotted as 
dung. 

" It must also be borne in mind that in cases of soils 
of this character, the mechanical cultivation is as 
important, or more so, than the application of 

4 

manure. 

"In crude undeveloped soils much working in this 
manner is necessary to make them remunerative at all, 
while to attain a high degree of fertility, a constant 
and costly process of cultivation is requisite. Judging 
from the samples now reported on, I should conceive 
that the use of steam cultivation would be found 
admirably suited for this purpose, if the nature of the 
ground would at all admit of it. I mention this, 

8 
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because the full remnnerative effect of the manures 
above recommended is not likelj to be obtained^ unless 
supplemented by a proper condition of the soil. 

'^ The mixture I have mentioned as No. 1, I would 
advise to be made of f superphosphate and ^ sulphate 
of ammonia. Mineral superphosphate (the cheapest 
form of soluble phosphate) might be used^ and a 
second quaUty of sulphate of ammonia^ if preferred in 
point of price. This mixture should be used in the 
same manner and quantify as the phospho guano^ or 
other manures now employed for the cultivation of 
the canes.'' 

Between the extremes of strong clays and light sands^ 
every variety of soil is of course met with, and in the 
treatment of which no special remarks are here called 
for, except that besides the general character of a soil 
as revealed by its well-known agricultural capabilities, 
a more intimate knowledge of its nature as obtained 

• 

by chemical analysis, is often of much service, particu- 
larly in ascertaining whether it needs Kming or not. 

Sandy soils, as already noticed, are frequently very 
deficient in lime, because all lime compounds are solu- 
ble, though to a small extent, and hence in course of 
time are washed out of such soils ; but soils of a better 
kind are frequently crippled, so to speak, from the 
want of lime, which apart from its ameliorating influ- 
ence in improving the soil generally, is directly re- 
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quired as a mineral plant food in comparatively large 
quantity by all cultivated crops. In such cases the 
addition of lime has a most beneficial efEect^ and we 
may thus obtain at small cost an improvement which 
more costly manures have failed to realize^ for the 
reason that perhaps this one element only was needed to 
allow of the full capabilities of the soil being exercised. 
Even on lime soils^ or those in which carbonate of lime 
prevails^ the application of Ume in some other shape is 
often of service, as for instance, sulphate of lime or 
gypsum to clover : in this case the sulphate is doubt- 
less the effective agent. Gypsum is an inexpensive 
material, and might be freely tried upon clover layers 
when failing, or still better a mixture of gypsum and 
kainit, say two parts of the former to one of the latter, 
and used at the rate of 4 to 5 cwt. per acre. In cases 
of clover '' sickness^' this treatment is often of benefit, 
although not to be depended on as a remedy ; there is 
in fact no manure which can be considered a remedy 
for it, the clover crop being particularly insensible, so 
to speak, to all artificial manure. It is a well-known 
and curious fact that clover will not yield a good crop 
when repeated at short intervals, but requires the land 
to '^ resf from it before it can be successfully repeated 
— no manure having been yet discovered that will dis- 
pense with this interval of time. It would appear that 
certain organic products are requisite for its growth, 
which are furnished only in the soil, and which require 

8 * 
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a considerable time for their development. The prac- 
tice of applying the farmyard manure to the cloyer 
crop^ as adopted in some districts, often has an excel- 
lent effect. 



On the Use of Compound or Special Manures. 

As regards the further admixture of the various 
manurial materials in the preparation of special ma- 
nures, that is, manures for particular crops or kinds of 
crops, the following recipes, in addition to those above 
given, are offered, either to farmers who desire 
to try their hands at the preparation of their own 
manures, or to those who manufacture on the larger 
scale for sale. 

It will be noticed that the mixing of dry materials 
only is here treated of, the use of acid fpr dissolving 
phosphates, &c. having been suflSciently explained 
under ^' Making.'* 

On the smaller scale, the operation of mixing such 
materials is best performed by. turning them out of 
their bags on a clean surface (as a boarded or asphalte 
floor) in a flattened heap in successive layers, after- 
wards putting the whole through a screen, cutting the 
mass vertically with the shovel. The screening may 
have to be repeated to obtain a sufiiciently complete 
admixture of the whole of the materials (upon which 
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much of the efficacy of the manure depends), the 
lumps being broken down with the back of the shovel. 
The ^' disintegrator/' as already mentioned, is used for 
this purpose on the larger scale, but even this machine, 
although it thoroughly incorporates the portion it con- 
tains at one time, offers no provision for the due ap- 
portionment of the components throughout the whole 
of the bulk, and to secure which much care is needed, 
and tp the neglect of which the disappointment some- 
times experienced in the composition of the completed 
mixture is generally attributable. 

One of the .most concentrated'artificial manures is a 
mixture of equal parts of superphosphate and sulphate of 
ammonia, and although necessarily costly, will be found 
when carefully employed even superior to Peruvian 
guano. For com on strong land this mixture should 
be used at the same rate as guano. On lighter land 
less ammonia may be used, say one-third sulphate of 
ammonia and two-thirds superphosphate. For spring 
use we may use equal parts of nitrate of soda and sul- 
phate of ammonia in place of the latter alone. See 
p. 104. 

The same mixtures form valuable dressins^s for enraas 
land, and although it is a too common practin, 
&rrud&re a manure of this kind to srass land, it will in 
^ Ijority of cases yield a good ^ 

Peruvian guano may be substituted for the sulphate 
of ammonia (as mentioned under mineral superphos- 
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pliates) if preferred, but greater care will be requisite 
in mixing, and more precipitated phosphate likely to 
be formed. See p. 108. 

For turnips and swedes on good soils, with farmyard 
dung, or even without it, mineral superphosphate is 
often sufficient to give a good crop. On poorer soils, 
or when less dung is available, or a superior crop 
desired, a good dissolved^ bone, such as fully described 
under that head, is more suitable, and the extra cost 
will, if the season is at all favourable, give an ample 
return. Turnip manures are often made with mineral 
superphosphate and fine bone dust, and will succeed well 
on certain soils, but as a rule a manure in which the 
bone has had the benefit of the acid, even though not 
dissolved, is to be preferred. Some of the bone meals 
and steamed bones form admirable mixtures for roots. 
In such cases one might add J fine bone or meal to f 
mineral superphosphates. 

For mangolds the following mixture will be found 
an excellent manure : — Dissolved bones 3 parts, guano. 
1 part, or sulphate of ammonia ^ a part, and common 
salt i a part. It should be used at the rate of 4 to 7 
cwt. per acre, according to the weight of crop the soil 
may be expected to produce. For clover see p. 115. 

For potatoes I should recommend 3 parts dissolved 
bones, \ part kainit, ^ part sulphate of ammonia, or 
^ part guano. The kainit supplies the potash largely 
required by this crop, and which is sometimes recom- 
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mended as a specific against the potato blight; but 
^thout going so far as this, it may be accepted as a 
fact that this crop is particularly benefited by potash 
manures, and rendered less liable to the disease. 

It need hardly be said that parts mean equal weights, 
whether pounds, hundredweights or tons. 

It may be added that many of the special manures 
now in the market are of excellent value, being pre- 
pared on sound principles, and . found by careful 
practical trial to be well adapted for the kinds of soil 
for which they are recommended, and in such cases we 
cannot do better than purchase them, when it is not 
desired or convenient to mix them oneself. On the 
other hand, we should be particularly careful in buying 
such manures that they are as good as represented, as 
some unscrupulous dealers make most of their profit 
out of these special manures, many of which are special 
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manures only in name, as it is said of dishonest tea 
grocers, who make a few canisters do duty for a long 
list of teas. 

Having got our manure, the next thing is how to 
apply it to the best advantage, since, as is well known, 
much of the virtue of a good manure may be lost by 
careless application, while on the other hand a com- 
paratively inferior manure may be made to yield better 
practical results than could be expected from its 
-<X)mposition, by care in this particular. A thorough 
-dissemination of the manure with the soil at the places 
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where it is likely to be most beneficial to the plant, is 
the point to be attended to — the condition of the manure 
being of course such as to allow of such dissemina- 
tion. The following passage from my ''Agricultip^l 
Chemistry/' page 278, in speaking of the mechanical 
properties of manures may here be quoted : — " The 
value of these properties is discovered more par- 
ticularly in the application of manures which cannot 
be properly carried out without them, and so important 
is it that the fertilizing elements of manures shall be 
so placed in the soil as to allow of their exercistag 
their full effect on the plants of the crop, that a good 
mechanical condition will often determine the practical 
superiority between two or more manures otherwise 
much alikel In fact, a manure which is chemically 
deficient, may, by possessing excellent qualities in this 
respect, actually gain a character for superiority in the 
field ; thus showing, not that chemical properties are 
of secondary importance, as we might at first sight 
conclude, but that the physical characteristics above 
spoken of are a necessary adjunct to allow of their due 
effect on the land, and without which a manure will 
compare unfavourably with others in which this point 
is better attended to/' 

The best conditioned manures generally require 
some little attention before application, as from the 
tendency of the phosphates to adhere, even by the 
weight of their bags on one another, their contents are 
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apt to consolidate. This caking or lumping, however, 
needs but the least breaking down with the back of 
the shovel when the bags are turned out, and should 
not be confounded with the crude undisintegrated 
lumps observable in badly made manures. The plan 
of mixing the manures when about to be used with 
sifted ashes is a good one, and shouldalways be adopted 
if possible. 

On the important point, whether it is better to drill 
the manure with the seed or sow broad-cast and harrow 
in — it appears that for roots the former is the better 
plan — as proved by carefully conducted experiments 
made on the large scale by a friend of mine with this 
object in view: when a heavy dressing is applied, 
however, it may be preferable to drill a portion and 
sow the remainder broad-cast. For com crops, the 
plan of sowing broad-cast is generally preferable. It 
need hardly be added that when the water drill is 
used, less care in the preparation of the manures 
suffices. 

Strange as it may seem, there is every reason for 
believing that the soluble phosphate of our manures 
again becomes insoluble before being taken up by the 
plant, that is to say, it is precipitated naturally in the 
soil. 

The nature of this precipitated phosphate will be 
understood by reverting to the experiment described 
for showing the nature of soluble phosphate ; we there 
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perceived that soluble phosphate was invisible in water, 
and in order to make it visible, we added soda, or some 
other alkali, the eflTect of which was to precipitate it, 
or render it insoluble, when it appeared as a gelatinous 
creamy solid. The phosphate of lime so separated 
(than which we can imagine nothing more acceptable 
to plants in the way of a phosphatic food) is the 
precipitated phosphate above mentioned, and diflfers 
from ordinary undissolved phosphate by having its 
particles in a chemically divided state — that is to say, 
reduced to a degree of minuteness infinitely surpassing 
anything obtainable by grinding. 

Soluble phosphate is known to become changed into 
this gelatinous or precipitated form after remaining a 
short time in the soil, owing to the carbonate of lime, 
organic salts, oxide of iron, &c., there present, exer- 
cising in a slight degree a similar action to the soda 
which we used, and it is no doubt the form in which 
the soluble phosphate supplied in manures is fed upon, 

so to speak, by the rootlets of plants. This can be 

I 

shown by mixing a portion of superphosphate with a 
much larger quantity of moist soil, and leaving it for a 
short time, when it will be found that no soluble phos- 
phate can be extracted from it by water. That solu- 
bility is not essential to the practical value of the 
phosphate supplied to plants, is also shown in the case 
of rich garden mould, which contains an abundance of 
highly assimilable phosphates, as proved by the fact of 
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